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A STUDY OF THE AFFERENT PATH OF THE 
HYPOGLYCEMIC REFLEX OF INSULIN 


R. ALVAREZ-BuyLLA, E. T. SEGURA (*) and 


ELENA R. bE ALVAREZ-BUYLLA 


(National Institute of Neumology of México, 


B* injecting insulin intravenously a 
given number of times coincident 
with the sound of a bell, a conditioned 
reflex is established by which the sen- 
sorial stimulus is converted to an af- 
ferent signal initiating a hypoglycemic 
reflex; this hypoglycemic reflex is 
similar in magnitude to that provoked 
by the insulin dosage used in the rein- 
forcements (Savchenko, 1939; Leites 
and Pavlov, 1954; Alvarez-Buylla et al., 
1959; Alvarez-Buylla and Carrasco Za- 
nini, 1960). 

On the basis of these experiments, 
it was assumed that the hypoglycemic 
effect of insulin might include in its 
own mechanism a nervous component, 
in addition to the known humoral 
effect of insulin. 

Further studies established that con- 
ditioned hypoglycemia is not due to 
an increased production of endogenous 
insulin, since the reflex can also be 
established in the totally pancreatec- 
tomized dog (Alvarez-Buylla and Ca- 
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rrasco Zanini, 1960). In the spinal dog, 
with the spine sectioned at C 6 and C7, 
this hypoglycemic reflex was observed 
to be similar to that produced in the in- 
tact animals (Alvarez-Buylla, E., 1959). 

The present work was undertaken to 
study the role of the vagus as a possible 
afferent path of this conditioned reflex. 


MATERIALS AND METHODS 


Dogs, cats and rabbits were used. 

The training of the spinal dogs was 
started two weeks after the spinal cord 
was sectioned at C6 and C7, utilizing 
for each reinforcement 0.25 units/kg 
of insulin in aqueous solution given 
intravenously. Once the conditioned 
hypoglycemic reflex had been establis- 
hed (with at least two positive con- 
trols), vagotomy was performed through 
an abdominal incision at the diaphragm 
level. One week after vagotomy, the 
animals had recovered sufficiently for 
further studies in the chamber for con- 
ditioned reflex. 

For the experiments on the perfusion 
of the splanchnic area, the donor cat 
was eviscerated, the proximal ends of 
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abdominal vagotomy, Circles: control samples of basal glycemia. Triangles: glycemia 15 minutes 


after control samples were drawn. Solid circles and solid lines: experiments using intravenous 
injection of insulin (0.25 U/kg) associated with bell’s sound. Open circles and dotted lines: 


control experiments using distilled water and bell’s sound. 


the inferior vena cava and of the ab- 
dominal aorta were catheterized im- 
mediately below the diaphragm of the 
donor cat and joined to the distal ends 
of the inferior vena cava and the ab- 
dominal aorta of the receptor cat. The 
proximal ends of these vessels were also 
ligated and sectioned directly below 
the diaphragm. The cats were hepa- 
rinized systemically, and the adrenal 
vessels were ligated, As anesthetic, pen- 
tobarbital (40 mg/kg) was given intra- 
peritoneally. 

One hour later blood samples were 
drawn from the carotids of both ani- 
mals, and insulin was immediately in- 
jected through the tube which joined 
the two aortas. The amount varied 
between 0.02 and 0.5 units/kg. Sam- 
ples were taken simultaneously from 
the carotids of both animals 15 and 30 
minutes after injection. 


In the five dogs having indwelling 
polyethylene catheters inserted within 
a branch of the celiac trunk, insulin 
(0.5 units/kg) tolerance curves were de- 
termined. In all cases the curves were 
determined at least 24 hours after the 
catheter had been inserted, in isolated, 
unanesthetized animals as close as pos- 
sible to basal conditions. 

Finally, rabbits and dogs were anes- 
thetized with pentobarbital (45 mg/kg 
in the rabbits and 30 mg/kg in the 
dogs) to study the effects on glycemia 
of insulin injected 1) in the splanchnic 
area, 2) following complete abdominal 
vagotomy, and 3) after electrical stimul- 
ation of the proximal ends of the 
vagus. To determine the A. V. glucose 
difference, thin polyethylene catheters 
were placed in the femoral artery and 
vein, from which blood samples were 
taken. For the injection of insulin, a 
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Fic, 2.— Average curve 
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similar catheter was introduced into 
the splenic artery until the end of the 
catheter was approximately 1 cm from 
the celiac trunk. Control samples were 
taken simultaneously from the femoral 
vein and artery after a period of one 
hour and again 15 min later. Three 
series of experiments were then conduc- 
ted to determine 1) changes in the A. V. 
glucose difference secondary to the in- 
jection of insulin in the splenic artery 
(0.0005 to 0.5 units/kg); 2) changes in 
the A. V. glucose difference secondary 
to the injection of insulin following 
abdominal vagotomy; 3) the effects of 
electrical stimulation of the proximal 
ends of some of the vagal branches in 
the abdomen. These proximal ends 
were mounted on bi-polar platinum 
electrodes and stimulated for 30 seconds 
at a frequency of 20/second with rec- 
tangular impulses of 2 milliseconds 
duration and an intensity approxi- 
mately three times the threshold, 
The Nelson-Somogyi method was 
used for all blood glucose determina- 
tions. The samples were taken at 2, 4, 8 
and 16 minutes following stimulation, 
induced by injection of insulin, vagal 


section, or through electrical stimul- 
ation of the proximal vagal stump. 


RESULTS 


A. Effects of vagotomy on the con- 
ditioned hypoglycemic reflex in the 
spinal dog. 


Since the conditioned hypoglycemic 
reflex in the spinal dog (with spinal 
chord transection at C6 and C7) is 
similar to that established in the nor- 
mal dog, the spinal chord is eliminated 
as a possible afferent path of this reflex. 

Figure | shows that the conditioned 
hypoglycemia established in the spinal 
animal by pairing a bell sound with the 
injection of insulin (0.25 units/kg) for 
seven trials, disappeared after abdomi- 
nal vagotomy, even though the insulin 
dosage was quadrupled (1 unit/kg). 


B. Injection of insulin in the perfused 


splanchnic area. 


Granted that the mechanism of the 
action of insulin has a reflex com- 
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ponent, the possibility of dissociating 
the nervous component from the hu- 
moral one was studied in seven expe- 
riments. The splanchnic area of one 
cat (the receptor animal) was isolated 
from the rest of the body although the 
nervous connections were maintained 
intact; the circulation of the splanchnic 
area of this cat was provided by a 
second animal (the perfusor cat) which 
had been previously eviscerated. 

Figure 2 shows the effects of the 
aortic injection of insulin on the blood 
glucose level of the non-perfused su- 
perior half. The abdominal aorta was 
used to perfuse the inferior half of 
such an animal. Blood samples were 
drawn simultaneously from the carotid 
arteries of both animals for glucose 
determinations. 

As shown, while the arterial blood 
glucose level of the donor cats (solid 
line) showed no significant changes, 
the concentration of glucose in the 
carotid artery of the receptor cats (dot- 
ted line) decreased 22.1% in 15 mi- 
nutes following the injection of insulin, 
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falling to 52 °% after 30 minutes. Four 
additional experiments were perfor- 
med with a much lower dosage of in- 
sulin (0.02 units/kg). After 15 minutes 
this dosage produced a hypoglycemic 
effect of 23% in the upper half of 
the receptor cats. Two receptor cats 
with an average blood sugar of 110 
mg % were used as controls. Insulin 
(0.03 units/kg) was given in the jugu- 
lar vein, this dosage being 50 % greater 
than that of the previous experiments. 
Fifteen minutes post insulin injection, 
the blood sugar level determined on 
blood drawn from the carotid artery 
was 108.5 mg %, indicating that there 
was no hypoglycemic effect in the two 
control animals. The 1.5 %, difference 
is less than the method’s margin of 
error. 

These results indicate that the mar- 
ked hypoglycemia of the head and 
trunk of the receptor cat as a conse- 
quence of insulin injected in the cir- 
culatorily isolated splanchnic area was 
not related to the small amount of 
insulin that might reach the lead-trunk 
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Fic. 4.— Effects of insulin injections in the celiac trunk before and after vagotomy. 


circulation. Higher doses of insulin in- 
jected directly in that area produced 
no hypoglycemic reflex in a 15 minute 
period. Since this hypoglycemia must 
start along a nervous path, the ner- 
vous supply of the splanchnic area was 
maintained intact in these experiments. 


C. Effects of the injection of insulin 
in the arterial celiac trunk in unan- 
esthetized dogs. 


To obtain additional data on the 
participation of the vagus in the reflex 
action of insulin, insulin was injected 
in the celiac trunk so that the hormone 
would reach, via the celiac artery, the 
assumed insulin-sensitive receptors. 

In 5 unanesthetized dogs with per- 
manent catheters in the celiac trunk, 
20 insulin tolerance curves were made. 
The glucose concentration in the cathe- 
terized artery was determined in 10 cur- 
ves; in the remaining 10, glucose was 
determined on the specimen of venous 
blood from the external saphenous 
vein. 

Arterial and venous samples were 
drawn 2, 4, 8, and 16 minutes following 
the injection of insulin (0.5 units/kg). 
Figure 3 shows the average curves ob- 
tained. Each dot represents the arith- 


metic average of the 10 cases. The 
glucose content of the arterial blood 
showed sudden changes during the first 
minutes after the injection of insulin 
with an initial peak followed by a 
significant hypoglycemia. The venous 
blood showed an immediate and sig- 
nificant hypoglycemia, without the 
initial hyperglycemic peak seen in the 
arterial samples. These results demon- 
strate that the injection of insulin in 
the celiac trunk mobilizes the glucose 
to the muscles in two minutes; it is 
probably then stored as muscular gly- 
cogen since the posterior extremities 
received arterial blood with a glucose 
concentration slightly higher than be- 
fore the injection (96 mg% to 108 
mg %). In the venous blood it is 
lower than before the injection of in- 
sulin (87 mg % to 70 mg %). The 
posterior extremity was used in these 
experiments because of its high pro- 
portion of muscular tissue. 


D. Effects of the injection of insulin 
in the arterial celiac trunk in anes- 
thetized dogs and rabbits. 


To determine whether insulin pro- 
duces in anesthetized animals the hypo- 
glycemic reflex observed in unanesthe- 
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tized dogs, 10 experiments were con- 
ducted on rabbits and 11 on dogs. In 
the rabbits, insulin injected in the celiac 
trunk produced quantitatively signifi- 
cant changes in both the arterial and 
venous glycemia, increasing the A. V. 
difference in every case. The changes 
in the arterial and venous glycemia 
were very rapid since in 17 of the 20 
insulin tests, the changes were marked 
two minutes after the injection and in 
two of the 20, after 4 minutes. In the 
remaining case, this change appeared 
8 minutes after the injection of insulin. 

In the dogs the results were similar. 
The arterial glycemia changed accord- 
ing to the patterns already seen in 
81 °% of the cases (9 of 11 experiments) 
and the venous glycemia showed similar 
changes, but in 80°% (8 out of 10) of 
the cases. In 7 instances the changes 
were apparent in 2 minutes and in one 
at 4 minutes. 

In 19 of the 20 experiments (9 on 
rabbits, 11 on dogs), or in 95 % of the 
cases, the increased A.V. difference 
was apparent in the first two minutes 
following the injection of insulin. 
These results indicate that the anes- 
thesia did not eliminate the hypo- 
glycemic reflex initiated by insulin. 


E. Abdominal vagotomy and the in- 
jection of insulin in the arterial 
celiac trunk, 

The effects of the complete section 
of the vagus near its entrance to the 
abdomen were studied in 11 experi- 
ments, 7 on dogs, 4 on rabbits. As a 
result of the section, the arterial gly- 
cemia changed rapidly and significantly 
in 9 of the 11 cases, the venous in 10 
of 10, and the A. V. difference in 9 of 
10. No constant variation was observed 
although the most common was the 
dissociation of the arterial hypergly- 
cemia and the venous hypoglycemia 
curves. There were cases in which the 
glycemia increased or decreased in the 
same direction in both vessels. 
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The effects of abdominal vagotomy 
on the reflex mechanism of the action 
of insulin were studied in 10 experi- 
ments, 4 on rabbits, 6 on dogs. The 
injections of insulin were given in the 
same manner before and after abdo- 
minal vagotomy. 

Following vagotomy the reflex action 
of insulin disappeared. Figure 4 illus- 
trates the results of two of these ex- 
periments. 


F. Effects of the stimulation of the 
central stump of the abdominal 
vagus nerve on glycemia. 


‘Twenty-two experiments were carried 
out, 6 on rabbits, 16 on dogs. The 
branches of the vagal trunk to the 
right of the esophagus at the level of 
the diaphragm were used because they 
gave more uniform and constant res- 
ponses to stimuli, than those to the 
left. 

In all 22 cases, the vagal stimulation 
lasting 30 seconds or a minute pro- 
duced in the rabbits as well as in the 
dogs, a sharp increase in the A. V. dif- 
ference in the concentration of glucose. 
In almost all cases, this change was 
very rapid. Figure 5 shows the results 
of two of these experiments. 


DISCUSSION 


The work by Houssay and co-wor- 
kers indicates that the homeostasis of 
glucose is not controlled exclusively by 
the pancreas but that many other endo- 
crine components are involved, mainly 
the hypophysis. Bernard, in 1857, had 
already made observations on the in- 
fluence of the nervous system, and 
specifically of the vagus nerve, on gly- 
cemia. 

The problem of the hypothalamus- 
hypophysis relationship has not yet 
been solved (see the review by Harris) 
(5). The fact that the hypoglycemic 
effect of insulin can be reproduced by 
a stimulus, such as a bell sound, chosen 
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Fic. 5.— Effect of the stimulation of vagus’ proximal and on the A-V 
glucose difference in dogs and rabbits. Dotted line: arterial glycemia. 
Solid line: venous glycemia. 


haphazardly opens a new and valuable 
experimental approach to the problem 
of the neuro-humoral integration and 
its probably important role in glucose 
homeostasis. 

When taken together the results of the 
various experiments described in this 
paper, the participation of the vagus 
in this reflex is confirmed. As a matter 
of fact, the injection of insulin in the 
perfused splanchnic area, with the vagal 
nerves intact, initiates a hypoglycemic 
reflex in the head and trunk, whose 
circulation remains almost independent 
(see Figure 2). Insulin injected in the 


celiac trunk of unanesthetized animals 
produces marked effects on glycemia in 
less than two minutes (Figure 3). These 
effects disappear following vagotomy, 
a fact which also shows vagal partici- 
pation in this reflex action of insulin 
(Figure 4). To analyze this vagal par- 
ticipation, the proximal ends of the 
abdominal vagus which has been pre- 
viously sectioned were electrically sti- 
mulated (Figure 5), and an alteration 
in the glycemic reflex occured with an 
increase in the A.V. difference with 
a latency of less than a minute. All 
these facts lead to the conclusion that 
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some of the abdominal fibers of the 
vagal nerve are the afferent path of 
this insulin-triggered reflex. 


SUMMARY 


1) After several intravenous injec- 
tions (0.25 units/kg) coincident with 
a bell, a conditioned reflex is establis- 
hed; the sound alone without insulin 
produces a definite hypoglycemia simi- 
lar to the hypoglycemia produced by 
the insulin injections (Alvarez-Buylla 
et al., 1959). This hypoglycemia is ini- 
tiated after about one minute of la- 
tency. 

2) This conditioned hypoglycemia is 
produced also in the totally pancrea- 
tectomized dog (Alvarez-Buylla and Ca- 
rrasco Zanini, 1960). 

3) The conditioned hypoglycemia is 
also obtained in dogs, two weeks after 
the spinal cord transection at the level 
of C6, demonstrating that there is no 
spinal participation. 
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4) This conditioned hypoglycemia 
cannot be produced after vagotomy at 
the level of the diaphragm. 

5) Injection of insulin in branches 
of the arterial celiac trunk produces a 
quick increase in the A.V. glycemia 
difference, but not if the vagal nerves 
have been cut. Stimulation of the cen- 
tral stump of the sectioned vagal nerves 
produces an increase in the difference 
of A.V. glycemia in a posterior ex- 
tremity. 

6) The afferent nerve fibers that 
follow the vagi trunks around the eso- 
phagus are the pathway for conduct- 
ing afferent signals to the centers which 
produce the reflex hypoglycemia with 
very short latency. 
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HEMATIC VALUES IN RESIDENTS AT ALTITUDES 


BETWEEN 


1260 m AND 4515 m ABOVE SEA LEVEL 


Huco Curopr and Carios Pozzi 


(Instituto de Biologia de la Altura(*), Universidad 
Nacional de Tucumdn, S. 8. de Jujuy, Argentina) 


ESULTS on chronic changes of he- 
R matic values with altitude differ 
among authors, who, with the excep- 
tion of Fitzgerald ('), Hurtado et al. 
(?»8) and Orias (4), limited their obser- 
vations to one altitude level. 

In trying to correlate the degree of 
chronic hypoxia induced by barometric 
depression to hematic changes, we felt 
necessary to determine the hematic 
parameters in permanent residents at 
different altitudes but with similar 
ethnic characteristics and nutrition 
habits. The results of such a study are 
presented in this paper. 


MATERIALS AND METHODS 


Except for a group of 49 female 
residents at 1260 m all the subjects 
were white or mixed indian males, 
whose physical characteristics are given 
in table 1. Excepting a group of draf- 
tees, the subjects were natives or per- 
manent residents at the place for at 
least one year. The draftees were 
staying at 1260 m since 4 months pre- 
vious to this study and according to 
their home sites were classified as fol- 
lows: a) those who came from places 
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located below 1500 m, b) those from 
places above 2000 m. 

Venous blood obtained without stasis 
and transferred to a tube containing 
ammonium oxalate and potassium 
oxalate, was used for hemoglobin, he- 
matocrit and red and white cells deter- 
minations. In all cases blood was drawn 
in the morning while the subjects were 
in fasting condition. 

Hemoglobin: the sodium carbonate 
method was used and the readings 
taken on a Klett-Summerson_photo- 
colorimeter (540 my, filter) previously 
calibrated by the oxygen capacity and 
the Wong ferrimetric methods. Values 
of the hemoglobin at 4515 m, already 
published in an earlier paper (°), were 
obtained with a Sahli hemoglobino- 
meter calibrated by the oxygen capacity 
method. Determinations were made in 
duplicate. 

Red and white cells: two counts were 
made and averaged. 

Hematocrit: venous blood contained 
in Wintrobe tubes were centrifuged 
one hour at 3000 r.p.m.; duplicates 
were made. 

Sedimentation rate: 2.6 ml of venous 
blood were drawn into a syringe con- 
taining 0.6 ml of a 3.8 per cent sodium 
citrate solution. The Westergreen me- 
thod was employed with readings taken 
at the first hour. 

Arterial oxygen saturation: it was 
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determined in groups of residents at 
1260, 2939, 3990 and 4515 m according 
to the technique described in an earlier 
paper (°). 

The average of the barometric pres- 
sures at each altitude are given in 
table 1. 


RESULTS AND DISCUSSION 


The averages of the hematic values 
obtained at different altitudes are 
shown in table 2. 

Hemoglobin: the average values of 
the draftees coming from low places 
and those of the older males, table 2, 
both residents in Jujuy (1260 m) do 
not differ between them, neither with 
those reported for sea level or low 
lands inhabitants (7-14). In 261 draftees 
quartered in Jujuy, Orias (4) found an 
average of 14.55 g per cent and in 23 
officers 15.69 g per cent. He compared 
the average values found in draftees 
residents at various altitudes from sea 
level to 1260 m and observed a sta- 
tistically significant increase, p < 0.02, 
at 1260 m. 

Our draftees who came from above 
2000 m showed values 2.7 per cent 
lower than those found in draftees 
from lowlands, the difference being 
statistically significant, p = 0.01. 

In 25 male residents at 4540 m but 
who have been staying for six months 
to one year at sea level, Hurtado et 
al. (45) found hemoglobin values 8.1 
per cent lower than those of the sea 
level residents. 

In 49 female residents in Jujuy 
(1260 m) the average value, table 2, 
does not differ from those given at sea 
level or lowlands. Orias (1!) found an 
average of 14.06 + 9.06 g per cent in 
94 girls living at 1260 m. Andresen and 
Mugrage ('®) gave a mean value of 
_ 14.45 g per cent for 45 women residents 

at 1524 m. in 20 women living in Men- 
doza (747 m), Argentina, Sottano et 
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al.(17) found an average of 13.84 + 
0.18 g per cent. 

The mean values at 2078 m and 
2939 m, table 2, were not statistically 
different but both were significantly 
greater than those found at 1260 m. 
The fact that subjects living at 2939 m 
did not show any increase of the hemo- 
globin values when compared to the 
residents at 2078 m can perhaps be 
explained by the nutrition conditions 
of the individuals. Actually, the average 
body weight of the latter was greater 


as it is shown in table 1. 


The values at 3990 and 4515 m, 
table 2, were significantly different 
between them and to those found at 
lower altitudes, p < 0.001. 

The average of 19.3 + 0.60 found 
by Huff et al.('%) on 11 natives of 
Morococha (4540 m) is similar to that 
obtained by us in Mina Aguilar, at 
4515 m above sea level. 

In figure 1, the average of hemo- 
globin, red cells and hematocrit values 
of our subjects and their standard 
deviations are plotted against altitudes 
in kilometers. We included Talbott 
and Dill findings (!%) on 6 residents 
for 2 to 14 years at 5334 m, in order 
to give a more complete picture of the 
hematic changes occurring within the 
levels where the permanent human 
residence is possible. Figures given by 
Fitzgerald (1) and -Hurtado et al. (?: *) 
are also included. Our hemoglobin 
results are slightly higher than those 
of Fitzgerald but significantly lower 
than values reported by Hurtado et al. 

In figure 2 the hemoglobin values 
at 3990 and 4515 m are plotted against 
the percentages of the arterial oxygen 
saturation of the same individuals. It 
can be seen that the correlation bet- 
ween both parameters becomes statis- 
tically significant, r = 0.575 + 0.125, 
when the arterial oxygen saturation 
fells below 85 per cent. 

When the hemoglobin averages found 
at various altitudes are plotted against 
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the arterial oxygen saturation averages, 
a nearly straight curve can be drawn 
(figure 3). On the other hand, in plot- 
ting hemoglobin values against altitu- 
des a parabolic curve results which is 
alike to that obtained when arterial 
saturation percentages are plotted 
against altitudes (figure 4). The latter 
is an oxyhemoglobin dissociation curve 
giving the almost linear correlation 
between altitude and alveolar oxygen 
pressure. 

Red Cells: The averages found in 
the draftees from low places and in 
the older male residents in Jujuy 
(1260 m) were lower than those found 
in the literature for similar or slightly 
lower altitudes (7-14). 

In the draftees from highlands the 
red cell average was 2.2 per cent lower 
than in the draftees from lowlands; 
the difference was not statistically sig- 
nificant. 

The average 4.46 + 0.046 106 
found in 49 female residents at 1260 m 
was lower than those those given by 
others at sea level or low altitudes. 
Picén Reategui et al. (2°) gave an ave- 
rage of 4.2 + 0.03 106 for 45 female 
residents in Lima (150 m), Peri. An- 
dresen and Mugrage(!®) obtained a 
mean value of 4.63 106 in 45 female 
residents at 1524 m. 

The difference between the averages 
at 2078 and 2939 m was not statistically 
significant but both values were sig- 
nificantly greater than those at 1260 m. 
The averages at the higher altitudes, 
3990 and 4515 m, were also greater 
than those at lower places. 

Hurtado et al. (?) found an average 
of 6.15 + 0.07 i 10° in 32 permanent 
residents at 4540 m, a lower value, 
p < 0.05, than that obtained by us 
at 4515 m. On a later study (27) of 83 
residents at the same altitude they 
found an average of 6.44 + 0.09 106. 
Barcroft and coworkers (7!) found a 
mean value of 7.0 . 10° red cells in 
15 residents at 4330 m. 
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Fic. 1.—Hemoglobin, red cells and hemato- 
crit average values on healthy males living 
at high altitudes. 


Our data one standard deviation. 
oO Data from Hurtado et al. (2). 
@ Data from Talbott and Dill (1%). 


Data from Fitzgerald (1). 
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Hematocrit: the hematocrit average 
of the draftees from lowlands and that 
of the older males residents at 1260 m 
were not statistically diferent, table 2, 
but were higher than those found at 
sea level (12-14). Nevertheless they do 
not differ significantly from the values 
given by Fonio and Moglia(!°) for 
males living in Tucuman (427 m) and 
by Sottano et al. ('7) in 29 young men 
residents in Mendoza (747 m), Argen- 
tina. 

After 4 months of residence at 1260 m 
the draftees who came from high places 
showed hematocrit values 3.1 per cent 
lower than in those who came from 
lowlands, table 2, the difference being 
Statistically significant, p < 0.01. 

The average of 43.2 + 0.15 corres- 
ponding to female residents in Jujuy 
(1260 m) was greater than those found 
by many authors at lower altitudes or 
sea level (4: 19 12, 20), Nevertheless, it 
agrees with the value of 43.2 + 0.51 
given by Sottano et al. (!7) for 19 
female residents at 747 m. Andersen 
and Mugrage ('®) gave an average of 
13.2 per cent in 45 female residents 
at 1524 m. 
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As it happened with the other he- 
matic parameters it did not exist any 
significant difference between the ave- 
rages of the hematocrit of the residents 
at 2078 and 2939 m. With this excep- 
tion, in all the other cases the hemato- 
crit readings were significantly greater 
as the subjects lived at a higher place. 
Our values at 4515 m agree with those 
given by Hurtado et al. (2-27) at 4540 m. 

Mean corpuscular hemoglobin (M. 
C.H.) and mean corpuscular hemo- 
globin concentration (M.O.H.C.): the 
M. C. H. averages of male and female 
residents at 1260 m, table 2, were sig- 
nificantly higher than most of those 
given at sea level, the difference being 
due to the lower red cell counts found 
in our subjects. Picén Reategui et al. 
(2°) obtained an average of 31.8 + 0.20 
neg in 150 female residents in Lima 
(150 m), a figure similar to that found 
by us at 1260 m, table 2. 

The M. C. H. average felt pro- 
gressively with the increasing altitude, 
the difference between 1!260 and 
4515 m values being highly significant, 
p < 0.001. 

The averages of the M.C.H. and 
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M.C.H.C. of our residents at 4515 m 
were significantly lower than those 
given by Hurtado et al.(?) the diffe- 
rence being due to the lower hemo- 
globin values and to the higher red 
cell counts of our subjects. 

Mean corpuscular volume (M. C. V.): 
the M. V.C. averages found at 1260 m 
were in all cases higher than those 
found by others at lower places or at 
sea level. Picon-Reategui et al. (7°) gave 
an average of 94.1 + 0.50 ,*® for 150 
female residents at 150 m, figure sig- 
nificantly lower, p < 0.01, than ours 
at 1260 m, table 2. Although the 
M.C.V. showed a trend to fall with 
increasing altitudes, such a decrease was 
only probably significant at 3990 and 
4515 m, p = 0.05 and p = 0.02 respec- 
tively, when compared to the values at 
1260 m. 

Hurtado et al. (?) found the follow- 


arterial 0, saturation 


ing mean values: 91.3 + 0.23 (*) at 
150 m, 95.2 + 0.58 (*) at 3730 m and 
97.5 + 0.75 (*) at 4540 m. This last 
figure was significantly higher, p < 
0.001 than ours at 4515 m (table 2). 
However, later studies made by the 
same authors (27) on a greater number 
of subjects gave results quite similar to 
those of the present study. 
Leucocytes: the leucocyte averages of 
the residents at 1260 m and 4515 m, 
table 2, did not show any significant 
deviation from the normal sea level 
values. Hurtado et al. (7) found a mean 
value of 6900 + 144(*) per mm in 32 
residents at 4540 m and 6500 + 155 (*) 
in 40 residents at 3730 m. 
Sedimentation rate: values within 
the normal limits at sea level were 
found in residents at 1260 m. The 


(*) Probable error, 
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mean arterial oxygen saturation O——O or 


hemoglobin average values @—@ in healthy 
males living at high altitudes. 


Arterial oxygen saturation average in 
Talbott and Dill’s subjects (19). 
Hemoglobin average value in Talbott 
and Dill’s subjects (19), 


decrease observed at 4515 m and alrea- 
dy published in a previous pxper (°) 
was highly significant, p < 0.001, when 
compared with the 1260 m average. 
Our results on the hematic changes 
in permanent residents between 1260 
and 4515 m above sea level, agree with 
the very well known fact of a progres- 
sive increase of the absolute and re- 
lative quantities of hemoglobin and 
red cells with increasing altitude. 
Comparing our results at 1260 m 
with those obtained by other authors 
at lower levels, no clear increases of 
the hematic values of men and women 
living at that altitude are apparent. 
Since we have not made any deter- 
mination on sea level residents we can 
not draw any conclusion, especially 
because in the case it would exist, the 
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difference should not be particularly 
noticeable. In 1930, Orias (4) observed 
an increase of 0.42 g per cent in the 
hemoglobin average of draftees resi- 
dents at 1260 m when compared to 
the sea level values. 

On the other hand, the increase of 
the red cells, hemoglobin and hema- 
tocrit averages are quite evident in 
residents at 2078 m showing that even 
mild chronic hypoxia will stimulate 
the bone marrow. Such changes are 
still greater beyond 3000 m. 

The changes with altitude of the 
number of the red cells and amount 
of hemoglobin tend to be _ parallel, 
although the statistically significant 
decrease of the mean corpuscular he- 
mogiobin at high altitude shows that 
such parallelism is not a perfect one. 
Likewise, a not so evident diminution 
of the mean corpuscular volume also 
ocurred. 

The fact that in the same individual 
the hemopoietic response to changes in 
altitude shapes a curve similar to that 
of the arterial oxygen saturation sup- 
ports the view that the hemopoietic 
function of the bone marrow would 
be under the control of tissular oxygen 
pressure. In fact and if as stated by 
Korner (22), the hemopoietic function 
should be under the control of the ar- 
terial oxygen pressure, the stimulation 
curve produced by hypoxia should ap- 
proach a straight line like the one 
obtained plotting arterial or alveolar 
oxygen pressure against altitude. This 
point of view agrees with the existing 
correlation between the erythropoietic 
activity and the degree of clinical or 
experimental anemia (??), even if in 
these cases the arterial oxygen pressure 
remains normal. Consequently, it is the 
oxyhemoglobin content of the blood 
and not the arterial oxygen pressure 
that controls the hemopoietic activity 
of the bone marrow. This is easy to 
understand since it is the oxygen con- 
tent of the arterial blood and not its 
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oxygen pressure which regulates the 
tissue levels of oxygen. The probable 
formation of erythropoietin in the kid- 
ney under hypoxemic or anemic stimul- 
ation (74,25) strengthens this point of 
view. In a recent work from our labo- 
ratories (2°), significant amounts of 
erythropoietin were found in the urine 
of residents at 3990 and 4515 m above 
sea level, particularly during the first 
week after arrival to altitude. 

The increase of hemoglobin should 
be considered as a secondary adaptive 
mechanism coming into action only 
when the fall of the oxygen pressure 
reaches the tissue level, and consequent- 
ly alter the respiratory mechanisms are 
already stimulated by arterial hypo- 
xemia. 


SUMMARY 


Hemoglobin, red cell number and 
hematocrit values were determined 
on permanent residents at 1260, 2078, 
2939, 3990 and 4515 m above sea level. 

The number of red cells, hemoglobin 
and hematocrit values increased with 
altitude from 2078 to 4515 m. At 
1260 m no significant increase was 
found. 

The mean corpuscular hemoglobin 
and the mean corpuscular volume de- 
creased progressively between 1260 and 
4515 m while no significant changes 
were observed in the mean corpuscular 
hemoglobin concentration, 
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FIBRILACION VENTRICULAR EN EL CORAZON 


PERFUNDIDO DEL PERRO (*) 


NA de las caracteristicas de la fi- 
U brilacién ventricular en el cora- 
zon de los mamitferos es que puede ser 
producida por estimulos unicos cuando 
éstos son aplicados durante el periodo 
refractario del ciclo de recuperacién. 
Los estudios de Wiggers (!!), Wegria 
y Wiggers ('°), Orias Brooks (?) y 
Hoffman et al.(°.7) han precisado la 
ubicacién temporal de esta fase del pe- 
riodo refractario y le han dado el nom- 
bre de periodo vulnerable. Ademas, 
Hoffman et al. (®.7) han senalado que 
el periodo vulnerable corresponde en el 
tiempo a los llamados “dips” (Orias 
et al.) (4°) de la curva de recuperacién 
de la excitabilidad ventricular, y que 
para que se produzca fibrilacién es ne- 
cesario que los estimulos de prueba 
sean de intensidad superior al umbral 
para ese momento del ciclo. Por otro 
lado, los estimulos de intensidad su- 
praumbral pero inferior a la necesaria 
para provocar fibrilaci6n darian origen 
a actividad repetitiva. 

Garcia Ramos y Miledi (*) encontra- 
ron que para producir fibrilacién por 
aumento gradual de la frecuencia, era 


(*) Este trabajo fué realizado con la ayuda 
de un donativo de la “Life Insurance Medical 
Research Fund”. 


Recibido para publicacién, Marzo 27, 1961. 


E. Lopez y A. GAXIOLA 


(Departamento de Fisiologia, Instituto Nacional 


de Cardiologia, México, D. F.) 


necesario utilizar estimulos de inten- 
sidad cuatro a cinco veces el valor 
umbral. 


La mayor parte de los trabajos sobre 
este tema han sido efectuados en cora- 
zones “in situ”. La complejidad de va- 
riables impuesta por la presencia del 
sistema nervioso y de las glandulas su- 
prarrenales, adicionada a las modifi- 
caciones en la circulacién coronaria 
inherentes a un corazOn que esta irri- 
gandose a si mismo, dificultan el ana- 
lisis de la fibrilaciédn ventricular. Por 
lo tanto se crey6 conveniente estudiar 
dicho fenédmeno en una_preparacion 
experimental que careciera de los in- 
convenientes senalados. 


MEtTopo 


Se utilizaron corazones de _ perros 
adultos que fueron perfundidos por 
otro perro de acuerdo con la técnica 
descrita  originalmente por Heymans 
y Kochman (°) modificada por Garcia 
Ramos, Alanis y Rosenblueth (°). La 
sangre arterial procedente del coraz6n 
donador, se hizo llegar al corazén 
perfundido a temperatura constante 
(36°C + 0.5° C), La presién con que 
esta sangre llegaba al sistema coronario 
(presidn de perfusién), fué medida por 
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Fic. 1.—El ciclo de recuperacién de la excitabilidad ventricular obtenido con frecuencia basal 

lenta. En esta grafica la curva de recuperacién de la excitabilidad se obtuvo con una frecuencia 

basal de 2.4/seg; sus diferentes puntos corresponden al valor umbral del estimulo de prueba 

para ese momento del ciclo cardiaco. En cada punto se aumenté la intensidad del estimulo 

hasta veinte o mds veces el valor umbral. En ninguno de los corazones estudiados en esta forma 

se produjo fibrilacién, Abscisas, intervalo E,-Eg en milisegundos. Ordenadas, intensidad del 
estimulo de prueba (Eg) en volts. 


medio de un mandémetro de mercurio 
intercalado en la proximidad de la ca- 
nula arterial. Los resultados que se 
describen corresponden a_ corazones 
cuya de perfusidn fué de 90- 
110 mm Hg. 

El nodo seno-auricular fué destruido 
por machacamiento y el ventriculo fué 
estimulado directamente por medio 
de pulsos rectangulares provenientes de 
dos estimuladores (Grass, modelo S 4). 
Los estimuladores estaban acoplados de 
manera que uno de ellos producia un 
primer estimulo (E,) con el cual se 
estimuldé al ventriculo a una frecuen- 
cia determinada (frecuencia basal); con 
el otro estimulador se obtenia un se- 
gundo estimulo (E,), que se repetia 
en el curso de una determinacién a 
intervalos no menores de 15 seg y cuya 


duracion, intensidad y separacién con 
respecto a E,, podian ser controladas 
independientemente. La duracién de 
ambos estimulos fué en todos los casos 
de 2 mseg. Los pulsos fueron separa- 
dos de tierra por medio de unidades 
aisladoras y aplicados en la base de la 
superficie ventricular derecha por me- 
dio de un par de electrodos de pinza. 

La actividad eléctrica del musculo 
ventricular, fué registrada por medio 
de un par de electrodos de pinza con 
2 cm de distancia interelectrodal colo- 
cados a 2 cm de distancia de los elec- 
trodos de estimulo y conectados a un 
galvanometro de bobina movil. 

Para destfibrilar al corazén se utilizd 
el método de Hooker et al. (*) aplican- 
do al ventriculo corriente alterna de 
50 ciclos y 115 volts durante 0.5 seg. 
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Fic. 2.—La curva de recuperacién de la excitabilidad y el fenédmeno de la “no respuesta”. 
Las curvas de esta grafica fueron obtenidas determinando los intervalos minimos E,-Ey para los 
estimulos de prueba de intensidad fija. La curva de las cruces fué obtenida con una frecuencia 
de estimulacion basal de 2.5/seg; la curva de puntos con una frecuencia de }3.5/seg y la 
curva de los circulos con una frecuencia de 4.1/seg. La curvatura. de concavidad izquierda 
que se observa en la linea de cruces, parece ser caracteristica del ciclo de recuperacién cuando 
se estimula el ventriculo con frecuencias basales lentas; al aumentar la frecuencia basal la 
ourvatura se atenia y llega a desaparecer. La linea interrumpida corresponde a la curva obte- 
nida por el método de determinar umbrales; la zona comprendida entre esta ultima y la 
concavidad de la linea de cruces corresponde a la regién en la que se observd el fenédmeno 


de “no response”. 


RESULTADOS peracion de la excitabilidad fué estu- 
diada determinando la intensidad um- 
1. El ciclo de recuperacién con fre- bral de E, para los diferentes momen- 


cuencias basales lentas. — Los resulta- tos del ciclo cardiaco. 
dos que en seguida se describen fueron La grafica de la figura | corresponde 


obtenidos en corazones cuya frecuencia a los resultados obtenidos en uno de 
basal de estimulacién fué inferior a estos experimentos; en este caso la fre- 
3/seg y en los cuales la curva de recu-  cuencia basal fué de 2.4/seg y el inter- 
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Fic. 3.—La curva de recuperacién de la excitabilidad ventricular y su relacién con la fibri- 
lacién. Ambas curvas fueron obtenidas por el método de determinar umbrales. La linea de 
los circulos fué obtenida con una frecuencia basal de 4.5/seg; el ultimo circulo marcado con F, 
corresponde al intervalo Ey-Eg en el cual el estimulo de prueba produjo fibrilacién. La linea 
de las cruces corresponde a una frecuencia basal de 2.4/seg. Comparando esta ultima con la 
obtenida a frecuencia basal alta, se pone de manifiesto el acortamiento del periodo refractario 
provocado por el aumento de la frecuencia y la posibilidad de alcanzar intervalos E,-Es 
adecuados para provocar fibrilacién. Coordenadas como en la figura 1. 


valo minimo E,-Eg, al cual se produjo 
respuesta ventricular (Ry) al estimulo 
de prueba, fué de 177 mseg. El valor 
promedio de este intervalo minimo 
E,-E, para los experimentos con fre- 
cuencias basales lentas (1.2-3.0/seg) fué 
de 170 mseg, con valores extremos de 

140 y 195 mseg. Para las frecuencias 
mas cercanas a 3/seg correspondieron 
los intervalos E,-E, mas breves. 

. Después de haber obtenido la curva 
de recuperacion se procedié a estudiar 
cada uno de los intervalos E,-E, de la 
misma curva, pero ahora con estimu- 
los de prueba cuya intensidad fué hasta 
10 6 20 veces el valor umbral. 


En ninguno de estos corazones esti- 
mulados con frecuencia basal lenta se 
obtuvo fibrilacién ventricular al deter- 
minar la curva de recuperacién de la 
excitabilidad, ni al aplicar estimulos 
de prueba de intensidad supraumbral. 
En algunos casos pudo observarse la 
produccién de respuestas repetitivas al 
aplicar estimulos E, umbrales o supra- 
umbrales. La aparicién de estas res- 
puestas estuvo condicionada por el mo- 
mento del ciclo cardiaco en el que fue- 
ron aplicados los estimulos E,. Este 
momento fué variable para los distin- 
tos corazones estudiados, en general se 
le pudo ubicar entre los 150 y los 200 
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Fic. 4.—La curva de recuperacién de la excitabilidad a frecuencias basales altas y su relacién 
con la fibrilacién ventricular. La curva de las cruces fué obtenida con frecuencia basal de 
5.2/seg; no se produjo fibrilacién. Al aumentar la frecuencia basal a 5.4/seg (curva de los 
circulos), se alcanzé un intervale Ey-Eyg mds breve en el cual el estimulo de prueba provocé 
fibrilacién ventricular. En estas grdficas se pone de manifiesto que es necesario alcanzar un 
determinado valor de intervalo E,-Ey para que se produzca la fibrilacién. 


mseg a partir del principio del ciclo 
y abarcé 10 6 20 mseg del mismo. 
Cuando se aplicaron estimulos de 
prueba de intensidad supraumbral pu- 
do observarse, que para un mismo in- 
tervalo E,-E, las intensidades altas con 
respecto al umbral no produjeron res- 
puesta propagada, en tanto que una 
intensidad menor, era capaz de produ- 
cirla. Para precisar las condiciones en 
que se presentaba este fendmeno se hizo 
el estudio de la curva de recuperacién 
de la excitabilidad buscando el inter- 
valo minimo E,-E, al cual un estimu- 
lo de prueba de intensidad fija, pro- 
ducia una respuesta propagada. Las 
intensidades de E, utilizadas abarca- 


ron desde el valor umbral para un mo- 
mento iardio en el ciclo de recupera- 
cién hasta 150 volts. 

La curva de recuperacién de la ex- 
citabilidad obtenida por este método, 
se caracteriza por presentar en su rama 
vertical una curvatura le concavidad 
izquierda. Este hecho se encuentra ilus- 
trado en la grafica de la figura 2 por 
la linea continua de cruces. La linea 
interrumpida corresponde a la curva 
de recuperaci6n obtenida en el mismo 
corazon y a la misma frecuencia basal 
(2.5/seg), por el método de determinar 
intensidades umbrales para los diferen- 
tes momentos del ciclo cardiaco. Los 
estimulos de prueba que por sus coor- 
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denadas quedaron colocados dentro de 
la zona limitada por la linea interrum- 
pida y la concavidad de la linea con- 
tinua, no produjeron respuesta propa- 
gada. Esta concavidad se atentia y aun 
llega a desaparecer cuando se aumenta 
la frecuencia basal (linea de puntos 
3.5/seg y linea de circulos 4.5/seg de 
la figura 2). 

2. El ciclo de recuperacion y la fi- 
brilacién ventricular con frecuencias 
basales rapidas.— En estos experimen- 
tos la frecuencia basal promedio fué de 
5/seg, con valores extremos de 4/seg 
y 6.5/seg. La curva de recuperacion de 
la excitabilidad fué estudiada por el 
método dé determinar intensidades 
umbrales para los estimulos de prueba 
aplicados en diferentes momentos del 
ciclo. En estas condiciones se llegé a 
un intervalo E,-E, en el cual, al alcan- 
zar el estimulo de prueba la intensidad 
umbral, se produjo la fibrilacién ven- 
tricular. La curva de recuperacién de 
la excitabilidad se encontré desplazada 
a la izquierda y, en consecuencia, los 
intervalos E,-E, minimos que provo- 
caron respuesta y a los cuales se pro- 
dujo la fibrilacién, fueron mas breves 
que los intervalos minimos obtenidos 
con frecuencias basales lentas. 
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Fic. 5.— Relacion entre el intervalo E,-Ey ne- 
cesario para producir fibrilacién y el ciclo 
de recuperacién de la excitabilidad. Los pun- 
tos de estas graficas fueron obtenidos por el 
método de determinar intensidades umbrales, 
mas ahora se principio por los intervalos més 
breves (inferiores a 1oo mseg). El simbolo A 
marcado con F indica que esa fué la primera 
respuesta Ry que se pudo obtener con frecuen- 
cia basal de 5.1/seg y que provocé fibrilacién. 
Al aumentar la frecuencia basal a 5.7/seg se 
pudieron obtener intervalos E,-Ey mds breves 
y cuando el intervalo se aproximé a 110 mseg 
se produjo fibrilacién (ultima cruz de la de- 
recha). Notese que es posible producir respues- 
tas Ry cuando los estimulos de prueba se apli- 
can a intervalos mds cortos que aquel en el 
que se produjo la fibrilacién. Coordenadas 
como en la figura 1. 


Estos resultados se ilustran en la gra- 
fica de la figura 3. La curva de recu- 
peracion obtenida a una frecuencia ba- 
sal de 4.5/seg esta representada por la 
linea de circulos; el circulo de la extre- 
ma izquierda marcado con F, indica 
que a ese intervalo y con un estimulo 
de prueba de intensidad umbral se pro- 
dujo fibrilacién ventricular. La linea 
de cruces fué obtenida previamente en 
el mismo corazon y corresponde al ciclo 
de recuperacién para una frecuencia 
basal de 2.4/seg. 

En algunos de estos corazones se en- 
contré que aun cuando el ciclo de re- 
cuperacion permitia alcanzar intervalos 
E,-E, inferiores a 120 mseg no se pro- 
dujo fibrilacién. Sin embargo, al au- 
mentar mas la frecuencia basal, la cur- 
va de recuperacién se desplazé a la 
izquierda y en estas condiciones, fué 
posible alcanzar un intervalo E,-E, en 
el cual el estimulo de prueba provocé 
la fibrilacién ventricular. Un ejemplo 
de estos resultados esta ilustrado en la 
figura 4. La curva de las cruces corres- 
ponde al ciclo d= recuperacién para 
una frecuencia basal de 5.2/seg. En este 
caso el intervalo minimo E,-F, al cual 
se obtuvo respuesta Rog, fué de 108 mseg 
sin que se produjera fibrilacién; la cur- 
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va de los circulos corresponde al ciclo 
de recuperacién del mismo ventriculo 
con una frecuencia basal de 5.4/seg, 
el intervalo minimo E,F, fué de 93 
mseg y en este caso el estimulo E, de 
intensidad umbral provocé fibrilacién. 

Con objeto de saber si era posible 
obtener respuesta a estimulos de prue- 
ba aplicados a intervalos E,-E, mas 
cortos que aquellos a los que se pro- 
ducia la fibrilacién, se procediéd como 
sigue. En corazones en los que se ha- 
bia producido fibrilacién se interrum- 
pid esta fibrilacién y después de 15 min 
se aumento la frecuencia basal con 
objeto de acortar mas el periodo re- 
fractario. En seguida se aplicé el esti- 
mulo de prueba, buscando intensidad 
umbral, a intervalos E,-E, mas breves 
que aquel con el cual el ventriculo 
fibrilé. En los corazones en que no se 
habia producido fibrilacién, se proce- 
dié a determinar la curva de recupe- 
racion de la excitabilidad, también 
buscando intensidades umbrales, mas 
ahora a partir de intervalos E,-E, muy 
breves (inferiores a 100 mseg). En am- 
bos casos fué posible obtener respues- 
tas Ry, sin fibrilacién, para intervalos 
E,-E, mas cortos que aquellos a los 
que el ventriculo fibrilaba. 

Los resultados obtenidos en uno de 
estos experimentos estan ilustrados en 
la figura 5. El corazon en estudio fué 
estimulado con frecuencia basal de 
5.1/seg. Se procedié de acuerdo con la 
segunda técnica descrita arriba y la pri- 
mera respuesta que se obtuvo fué la 
fibrilacion (AF); se aumento la fre- 
cuencia basal a 5.7/seg y se obtuvo la 
curva marcada con cruces, en el ulti- 
mo punto (108 mseg) se produjo fibri- 
lacion. 

El valor promedio de intervalo E,-E, 
al cual se produjo la fibrilacién en 
todos los corazones estudiados, fué de 
108 mseg con valores extremos de 150 
y 91 mseg. El margen del intervalo 
E,-E, dentro del cual se produjo la 
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fibrilacidn comprendié en general 20 
mseg del ciclo cardiaco. 

3. Resultados del aumento gradual 
de la frecuencia. — A fin de saber si !a 
fibrilacién provocada por el aumento 
gradual de la frecuencia de estimula- 
requeria estimulos cuya intensidad 
fuera muy superior al umbral, se pro- 
cedié a determinar la intensidad um- 
bral para una frecuencia baja (1 a 2 
por seg) y en seguida, se determino la 
frecuencia maxima que era capaz de 
seguir el ventriculo en funcidén de la 
intensidad del estimulo, considerando 
el valor de la intensidad umbral como 
la unidad, 

Los resultados que se obtuvieron es- 
tan ilustrados en la grafica de la figu- 
ra 6. Los puntos de la curva, excepto 
el ultimo, corresponden a la frecuencia 
maxima seguida por el ventriculo antes 
de alternar; el ultimo punto, marcado 
con F, corresponde a la frecuencia ma- 
xima alcanzada inmediatamente antes 
de que el ventriculo fibrilara. En todos 
los corazones estudiados fué posible 
obtener fibrilacién con estimulos cuya 
intensidad fué inferior a dos veces el 
valor umbral. El valor promedio fué 
de 1.6 unidades umbral con extre- 
mos de 1.8 y 1.3. La frecuencia maxima 
promedio inmediatamente previa a la 
fibrilacién fué de 6.6/seg con valores 
extremos de 8/seg y 5.8/seg. 


DiscusION 


A. El método.— La preparacién ex- 
perimental empleada permite excluir 
las variables impuestas por el sistema 
nervioso y las glandulas suprarrena!es; 
ademas, proporciona la ventaja de que 
la circulacién coronaria del coraz6n en 
estudio se altera en grado minimo du- 
rante los periodos de fibrilacién (*). En 
la mayoria de los corazones estudiados, 
pudo observarse que después de dos 
o tres episodios de fibrilacién la faci- 
lidad para provocar este fenédmeno era 
mayor, perdiéndose la relacién entre 
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Fic. 6.— Relacién entre la intensidad del estimulo y la fibrilacién ventricular provocada por 
el aumento gradual de la frecuencia. Todos los puntos excepto el ultimo de la derecha, indi- 
can la frecuencia maxima que siguié el ventriculo antes de alternar, en funcion de la intensidad 
del estimulo correspondiente. El ultimo punto de la derecha marcado con F, indica la fre- 
cuencia maxima inmediatamente previa a la fibrilacién. Abscisa, intensidad del estimulo en 
unidades umbral (umbral determinado a frecuencia inferior a 2/seg). Ordenada, longitud del 
ciclo (reciproca de la frecuencia), previa a la alternancia o a la fibrilacién, en milisegundos. 


intervalo E,-E, y fibrilacién. Teniendo 
en cuenta lo anterior, los resultados 
que han sido descritos corresponden 
a los dos o tres primeros episodios de 
fibrilacién de cada coraz6n estudiado. 

B. El ciclo de recuperacion en los 
corazones estimulados con frecuencias 
basales lentas. — Entre las conclusiones 
referentes a la produccién de la fibri- 
lacién ventricular por aplicacién de es- 
timulos unicos de prueba, se encuen- 
tran las de Wiggers y Wegria (15) quie- 
nes afirman que la fibrilacién ventricu- 
lar por estimulos unicos se produce 
cuando éstos se aplican durante la par- 
te tardia de la sistole precedente. Por 
otra parte, Hoffman et al. (6) han re- 
lacionado la produccién de la fibrila- 
cién ventricular con la existencia de 
ciertas alteraciones en la forma de la 
curva de recuperacién de la excitabi- 


lidad (dips), afirmando que para que 
los estimulos de prueba puedan pro- 
ducir fibrilacién, es necesario que sean 
aplicados en el momento del ciclo de 
recuperaciOn correspondiente al “dip” 
y con intensidad superior a la umbral. 

Los resultados descritos en la prime- 
ra seccién de este trabajo, ponen de 
manifiesto que cuando la frecuencia 
basal de contracci6n ventricular es len- 
ta, no es posible producir fibrilacién 
por estimulos de prueba, no obstante 
que éstos sean aplicados durante la 
ultima fase de la sistole precedente; 
por otra parte, aun cuando en la pre- 
paracion experimental estudiada no fué 
posible poner en evidencia los “dips” 
de la curva de recuperacidén, los esti- 
mulos de prueba de intensidad 10, 20 
o mas veces el valor umbral, aplicados 
en diversos momentos del ciclo tam- 
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poco provocaron fibrilacién ventricu- 
lar. Puede concluirse por lo tanto, que 
en el corazén perfundido no se puede 
producir fibrilacién por estimulos uni- 
cos cuando la frecuencia de contraccién 
es lenta (inferior a 3 por Segundo), 
independientemente del momento del 
ciclo en que se aplique el estimulo y 
de la intensidad de éste. 

El fenémeno de la “no response” 
descrito por Orias et al.(!!) y Brooks 
et al. (1), puede ser explicado si se tiene 
en cuenta la forma de la curva de re- 
cuperacion de la excitabilidad ilustra- 
da en la figura 3. En esta grafica se 
muestra que un estimulo de prueba de 
intensidad umbral para un intervalo 
determinado (5 volts, 210 mseg) no 
produce respuesta a ese mismo inter- 
valo si su intensidad se aumenta, den- 
tro de ciertos limites, debido a que la 
curvatura de concavidad izquierda, que 
parece ser caracteristica del proceso de 
recuperacion, lo coloca en una zona 
de inexcitabilidad. Un fendmeno seme- 
jante, por lo que se refiere a la forma 
de la curva de recuperacién, fué ob- 
servado en las fibras nerviosas por Mi- 
ledi (observaciones no publicadas). 

C. La fibrilacién ventricular en co- 
razones estimulados con frecuencias ba- 
sales altas. — Los resultados descritos 
en la segunda seccién ponen de mani- 
fiesto que cuando la frecuencia basal 
es alta (4 0 mas por segundo) puede 
producirse fibrilacién ventricular cuan- 
do se aplica un estimulo de prueba a 
un intervalo E,-E, adecuado. El hecho 
de que estimulos aplicados a intervalos 
E,-E, mas breves o mas largos que el 
adecuado produzcan fibrilacion, 
permite afirmar que se trata de un in- 
tervalo critico que por estar localizado 
dentro del periodo refractario relativo, 
y por ser critico, corresponde al perio- 
do vulnerable descrito por Wiggers (!*), 
Wiggers y Wegria (15) estudiado por 
Orias et al.(!1) para la auricula y por 
Holfman et al. (® 7) para el vent iculo. 
Sin embargo, es importante senalar que 
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en los experimentos descritos en este 
trabajo, la fibrilacién se produje con 
estimulos de intensidad umbral, lo cual 
produce una diferencia importante con 
los resultados comunicados por los au- 
tores citados. 

El hecho de que no fuera posible 
producir fibrilacién ventricular con 
frecuencias basales lentas puede ser 
explicado si se tiene en cuenta que 
debido al acortamiento del periodo 
refractario provocado por el aumento 
de la frecuencia (Rosenblueth) (!2) el 
intervalo E,-E, al cual se produjo fibri- 
lacién con frecuencias rapidas fué mas 
breve que el intervalo minimo E,-F, 
obtenido con frecuencias lentas; por lo 
tanto, en estas ultimas condiciones no 
pudo alcanzarse el intervalo critico 
para la fibrilacion. 

Sin embargo, el hecho de que en al- 
gunos corazones estimulados con fre- 
cuencias lentas se pudieran obtener 
respuestas Ry a intervalos E,-E, infe- 
riores a 150 msegs y no obstante no se 
provocara fibrilacién, permite suponer 
que ademas del intervalo critico es ne- 
cesario la presencia de otro factor que 
apareceria cuando la frecuencia de es- 
timulacién es rapida. 

D. La fibrilacién ventricular produ- 
cida por el aumento gradual de la fre- 
cuencia. — Los resultados descritos en 
la ultima seccién de este trabajo ponen 
de manifiesto que en el corazon _per- 
fundido se puede provocar fibrilacién 
ventricular al aumentar gradualmente 
la frecuencia, con estimulos cuya in- 
tensidad no es muy diferente de la 
umbral (menos de dos veces el valor 
umbral). 


RESUMEN 


En corazones de perro aislados y per- 
fundidos por la sangre de un animal 
donador, se estudié la fibrilacién ven- 
tricular producida por la aplicacién de 
estimulos unicos de prueba. 

Cuando el ventriculo fué estimula- 
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do con frecuencias basales lentas (infe- 
riores a 3/seg) los estimulos de prueba 
fueron ineficaces para provocar fibri- 
lacién, independientemente del mo- 
mento del ciclo de recuperacién en 
que fueron aplicados y de su inten- 
sidad. 

La forma de la curva de recupera- 
cién de la excitabilidad ventricular, 
determinada por el procedimiento de 
encontrar el intervalo minimo al que 
diferentes estimulos de prueba de in- 
tensidad fija produjeron respuesta pro- 
pagada, se caracterizé por presentar en 
su rama vertical una curvatura de con- 
cavidad izquierda. Con base en este 
hecho se propone una explicacién para 
el fenédmeno descrito en la literatura 
con el nombre de “no response”’. 

Cuando el ventriculo fué estimulado 
con frecuencias basales altas (4 0 mas 


69 


por segundo) se pudo provocar fibri- 
lacién con estimulos de prueba de in- 
tensidad umbral, cuando éstos fueron 
aplicados en un intervalo adecuado del 
ciclo de recuperacién. Estimulos apli- 
cados antes o después de este intervalo, 
fueron ineficaces para hacer fibrilar al 
ventriculo, aun cuando provocaron res- 
puestas propagadas. 

Para producir fibrilacién ventricu- 
lar por el aumento gradual de la fre- 
cuencia de estimulacién, se necesitaron 
estimulos cuya intensidad fué menor 
de dos veces el valor umbral. 


Los autores agradecen a los doctores 
A. Rosenblueth y J. Alanis, las suges- 
tiones recibidas durante la elaboracién 
del presente trabajo y las correcciones 
hechas al manuscrito. 
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ADMINISTRATION OF PELLETS OF MORPHINE TO MICE; 
ABSTINENCE SYNDROME 


C. MacGcIoLo and F. Huiposro 


(Department of Pharmacology, Catholic University 


s it is known, when a substance is 
A administered to the organism a 
high blood concentration of it is ra- 
pidly obtained, which decreases slowly 
afterwards. On the contrary, when the 
compound is compressed and _intro- 
duced as a pellet, there is a slow ab- 
sorption and the blood level is main- 
tained for long periods (°). The ab- 
sorption rate of the pellet depends 
on the solubility of the drug in the 
interstitial fluid. The more insoluble 
the substance is the more slowly it is 
absorbed (7). Thus, it is possible to 
flood the organism with a drug for a 
long time. 

It was thought interesting to study 
the reaction when morphine is intro- 
duced as a pellet, because in this case 
the organic adaptation may be dif- 
ferent to that observed when the sub- 
stance is injected in solution. On the 
other hand, the continuous arrival of 
morphine to its receptors, is a new 
approach to the study of phenomena 
of tolerance and physical dependence. 


METHOD 


Adult male and female white mice 
(Catholic University’s strain) were em- 
ployed. Special care was taken to use 
animals of the same weight and to 
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administer homologous quantities of 
drugs. 

General attitude was studied. Posi- 
tion, excitation, tranquility, depression, 
sleep, catatony, etc. were investigated 
in every animal and in the group. The 
tail and the eye position were observed. 
Pain thereshold was analized by Jacob 
and Blosowsky’s (®) modification of the 
Woolfe and Mac-Donald’s hot plate 
method (11); the muscular tension was 
appreciated by Frommel’s technique (*). 
Furthermore, the animals were forced 
to resolve a “complex test’: they were 
put on the surface of a column (26.5 
by 26.5 cm of base and 21 cm of height) 
attached to another equal column by 
a cylinder of wood (100 cm of length 
and 0.9 cm of diametre); at the base 
of the second column the cage where 
they used to live was placed. Three 
periods were distinguished in the test: 
1) time taken by the animal to leave 
the first surface; 2) time taken to cross 
the cylinder of wood and 3) time taken 
to arrive to the cage after crossing the 
bridge. 

In some opportunities the movements 
of the mice were recorded. Groups of 
4 mice were placed on a surface which 
was set down on a sensible spring; the 
surface was attached to the short end 
of a level which recorded the move- 
ments at a kymograph. 

All the tests were performed in the 
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most similar conditions dealing with 
time, light, room temperature, etc. 

Drugs used were: Morphine hydro- 
cloride transformed into the base and 
compressed without using other subs- 
tances. Pellets of morphine were im- 
planted aseptically in the back of the 
animals. As it will be reported under 
“Results”, the pellets take some days 
to be absorbed. Knowing this data, as 
well as the weight of the pellet and 
the animal weight, it is easy to estimate 
the daily absorbed dose of morphine 
by kilogram of mouse. 

Nalorphine (Allyl-normophine) 
drobromide in water solution was in- 
jected in the anterior wall of the chest, 
at the dose of 10 mg per kilogram of 
weight. 


RESULTS 


A) Rate of absorption of morphine 
administered as pellet. — Subcutaneous 
tissue accepts very well the pellet of 
morphine. In a great percentage of cases 
it is surrounded by a thin capsule, well 
irrigated and occasionally bloody (in 
some opportunities the capsule may be 
thick); sometimes, the capsule also 
contains a greenish amorphous subs- 
tance like pus, very easily separable; 
in other cases, a serohemorrhagic liquid 
is found. However, absorption is re- 
gular in spite of anatomical variations 
(Fig. 1). 

Results expressed in figure 1 (each 
point corresponds to one observation) 
indicate that the pellet disappears ap- 
proximately between 30 and 32 days 
after the implantation. 

B) Effects of morphine.—In order 
to avoid errors it was necessary to train 
the mice, especially in those cases deal- 
ing with pain threshold, muscular 
tension and the “complex test”. The 
daily exercise of animals in similar 
conditions could provoke inespecific 
responses. Because of this, it was neces- 
sary to perform a large number of 


blanks and to discard many animals. 
When the mice were considered to be 
well adapted to start the experiments, 
the observation began; thus, 19 animals 
were studied during 54 days without 
considering the training period. The 
first 24 days were taken as control, 
and then, the first implantation was 
performed, giving a daily absorption 
per kilogram of 66 mg of morphine. 
The second implantation was done 14 
days after the first one, obtaining a 
daily absorption of morphine per kilo- 
gram of 311.3 mg. The third implan- 
tation (27 days after the first one), 
gave an absorption of morphine by 
kilogram and by day of 1070.5 mg. 

Results showed that the animals 
have variable reactions (Table I) and 
that the same mouse can modify its 
performance from one day to another 
(Table II). For this reason, it was not 
possible to analize statistically the re- 
sults. It was thought wiser to study 
each animal in particular and to verify 
how morphine changes the values ob- 
tained before the implantations. In this 
way, Table I was elaborated; the fol- 
lowing facts may be infered from it: 

a) The general attitude of the mice 
is modified: the animals become calm, 
depressed or catatonic and occasionally 
excited, with hypermotility; frequently 
they become aggressive. The effect of 
the second implantation is something 
different: the drug is not so depressive, 
and in some animals it has no action. 
Results of the third implantation con- 
trast especially with the first one, be- 
cause it does not modify the attitude 
of the mice. 

b) The drug produces analgesia. 
When morphine is firstly implanted 
it is very rare to find any animal with 
similar reactions to the control. On the 
contrary, after the third implantation, 
in some occasions one observes that 
the threshold is increased. The second 
pellet induces intermediate effects bet- 
ween those already referred. 
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~ Fic. 1. — Absorption 
rate of morphine 
pellets implanted in 
90 J the subcutaneous tis- 
sue of the back in 
mice. Ordinate: per- 
80 centage of absorp- 
tion. Abscissa: time 
in days. Each point 
70 4 represents one obser- 
vation; the white cir- 
cles indicate that the 
60 J pellets had disap- 
peared because of 
complete absorption. 
50 J 
40 
e 
30 J 
1 
20 J i 
10 
/ e 


c) Straub reaction (rigidity and erec- 
tion of the tail) is very frequently ob- 
served and has a great intensity after 
the first implantation. However, its 
frequency tends to decrease with the 
new ones; thus after the third, there 
is a large number of mice in which 
the Straub phenomenon persists. As 
several authors indicate ('), the Straub 
erection is accompanied by lordosis, 
extension, paralysis of the hindlimbs 
and prominence of the perineum; these 
signs have the same evolution that has 
the Straub phenomenon. 

d) Exophthalmus has been described 
as an interesting effect of morphine. 
In our observations, the exophthalmus 
was not very frequent, perhaps due 
to the plain visual appreciation. As 
the implant of morphine was repeated, 


24 28 32 & 


the frequency of exophthalmus does 
not change appreciably. 

e) During the first days after im- 
plantation the animals loose weight 
or the ponderal curve stops; some die 
during the first three days. Afterwards, 
mice normalize day by day. 

f) In one opportunity the action of 
morphine was studied in rats. It was 
observed that a great number of them 
frequently fell down from the table. 
In that occasion it was thought that 
some alteration in equilibrium or in 
muscular tension could be present. In 
order to inquire these perturbations 
in mice, they were obliged to pass 
through a cylinder of wood and the 
muscular tension was tested. The ani- 
mals crossed the wooden bridge without 
difficulty; therefore, it could be de- 
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TABLE II 


Effect of 3 consecutive morphine implantations on the aititude, Straub phenomenon, 
exophthalmus, analgesia, muscular tension and the_ “complex test” in one mouse 


Day Attidude Straub Saagieielenes Ansigesia Muse. tens. Complex 
phen. (1) (2) (3) test (4) 
(seconds) (seconds) (seconds) 
10.5 179.0 o> 
4 37.0 17.5 13:5 
5 31.0 10.0 
6 21.0 22.5 64 5 
26.0 8.0 224 5 
9 t 28.0 8.0 33 4 
il 36.0 2s: 
12 20.5 23.0 $< § 
15 t 95.0 8.0 
16 18.0 13.0 $4 7 
17 29.0 20.0 63 8 
18 30.0 19.0 “m<¢ 9 
19 14.5 18.5 3 
20 22.0 21.0 105 7 158 
22 47.0 14.5 165 10 
23 31.0 75.0 204 6 
24 32.0 
24 79 mg of morphine (base) per kilogram weight and per day 
25 ct -/- 45° saci 20.0 103.0 61 7 160 
26 ct -/- 45° (P) -/- 26.0 162.0 103 70 
29 — - 45.0 148.0 143 10 
31 ct -/- 45° (P) : 17.0 > 180.0 118 15 
33 e 8.0 145.0 2i5 9 
36 21.0 130.0 ms 4% 
37 t — asa 28.0 > 180.0 
38 ISS > 180.0 45 il 
38 298 mg of —— (base) per kilogram weight and per day 
39 t - 45° (P) — 46.5 138.0 105 25 
40 ct — — 34.0 140.0 44 2 
41 — 28.0 > 180.0 26 64 
43 _— — 62.0 173.0 55 2 
46 ct -/- 20° (P) ‘one 76.0 > 180.0 a3 6 
48 — 100.0 160.0 54 8 
50 ct — 35.5 is? 
51 939.5 mg of morphine (base) per cree weight and per day 
52 ct -/- 20° (P) 123.0 178.0 96 20 
53 — — 30.5 > 180.0 64 5 
54 t -/- 30° — 79.0 
t: tranquility - c: catatony - e: excitation - -/-: positive result - —: negative result - 


(P): the sign appears when it is provoked. (1) The number indicates the appreciation in degrees 
of the tail elevation. (2) Time taken by the animal to raise the posterior extremity when it is 
put on a hot metallic plate (56°). (8) Time taken by the animal to loose a wire gauze of 45 gm 
of weight when it is suspended by the tail. (4) Time taken by the animal to abandon the 
first surface, to cross the bridge and to abandon the second surface. 
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duced that no important alteration of 
equilibrium was produced by the drug. 
Nevertheless, in some animals the time 
taken to pass through the cylinder was 
prolonged. In order to study if mor- 
phine was responsible of this prolon- 
gation through a mechanism that could 
indirectly alter the equilibrium other 
difficulties were added to the test, and 
thus the “complex test” was born (see 
Method). Whenever the animal delayed 
in crossing the cylinder, the time taken 
to leave the first surface and to arrive 
to the cage after passing the bridge, 
were prolonged too. For details, see 
Table I, The modification of the mice 
performance induced by the three im- 
plants are also indicated in the table. 
It is of interest to add that, practically, 
no mistake was done in performing 
the test. 

g) The animals receiving morphine 
develop a tolerance to the anesthetic 
action of the ethyl ether, measured by 
the quantity of the drug necessary to 
induce the same degree of anesthesia 
during the same period of time. 

Ten to 14 days afterwards all the 
effects studied vanished, appearing after 
a new dose of morphine; normalization 
is obtained sooner after the second 
implantation, and it is still faster, when 
a third pellet provokes alterations. 
Thus, one may accept that the mor- 
phine develops tolerance in the mouse. 

C) Action of nalorpiine: the absti- 
nence syndrome. — Though a great 
number of mice has been employed to 
study the abstinence syndrome, only 
those described in section B will be 
analized in this opportunity. The ani- 
mals have received the doses of mor- 
phine as it was indicated (see page 70). 
Nalorphine hydrobromide in doses of 
10 mg per kilogram of weight (refered 
to nalorphine base) was injected 28 
days after the first implantation. 

Two or 3 minutes after the adminis- 
tration of nalorphine, the following 
symptoms appear when the animals 


are placed on the observation table: 

a) A very intense increase of the 
spontaneous activity is observed. The 
animals become restless, and not only 
walk more and more, but run disor- 
derly and without an apparent object. 
This hypermotility is very peculiar 
because the mice drag the perineal 
zone over the table. Hypermotility 
(Fig. 2) is very frequent and practically 
is observed in all the animals. 

b) The animals jump repeatedly, al- 
most in stereotipied form, either in the 
middle of the table, getting or not the 
top of an object left on it, or looking 
for the edge of the table in order to 
throw themselves to the ground. If the 
mice are put again on the table, they 
repeat the movements many times. 
Before jumping they sit or stand on 
the posterior extremities and begin to 
smell in diverse directions. 

To facilitate the nominations of the 
symptoms indicated in paragraphs a) 
and b) they will be designated as the 
period of hypermotility. 

c) It is possible to observe small 
tremors that in some opportunities 
become convulsions, When the animal 
is suspended by the tail, tremors in- 
crease in number and in _ intensity; 
irregular movements and brief and 
small convulsions appear, These events 
will be designated as “tail reaction”. 
It is very frequent and it can be found 
in almost all animals. In some mice 
it is possible to observe generalized 
twitches and in others, tonic contrac- 
tions of the extremities and of the back 
that can be localized and _ produce 
asymmetric positions. In others there is 
hyperreflexia and an increased irrita- 
bility. 

In order to save space all the symp- 
toms described in c) will be refered to 
as neurological phenomena. 

d) The frequency and intensity of 
the respiration increases practically in 
all the mice. 

e) The tear secretion is increased; 
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Fic. 2.— Hypermotility in the nalorphine induced abstinence syndrome. Right and upper angle: 
control. Below, record of hypermotility in the abstinence syndrome immediately after the 
injection of nalorphine. Time: five minutes. 


thus, the movements of the eyelid are 
difficulted and the mouse stays with 
the eyes closed or semiclosed. It is 
frequent to observe an increased num- 
ber of depositions with soft or liquid 
feces. It is not rare to observe mictions 
during the minutes following the in- 
jection of nalorphine. It is possible 
to find priapism and it would not be 
strange that some ejaculations may be 
produced because of the observed 
rhythmic movements of the pelvis. 

f) All the signs described appear 
very soon after the injection of nalor- 
phine and last approximately for half 
an hour. They vanish in intensity and 
frequency, reaching a period of pro- 
found immobility which doubles the 
duration of the already mentioned 


symptomatology. 

If nalorphine is administred to nor- 
mal animals it does not induce any ol 
the mentioned perturbations; the mice 
become quiet and drowsiness appears 


by the action of i0 mg per kilogram 
of weight. 

When one studies the symptoms of 
nalorphine in the morphinized mice 
it is possible to learn that the manifes- 
tations are similar to those described 
in other animals and in men as “abs- 
tinence syndrome” (*). 

The abstinence syndrome is seldom 
observed with all its symptoms in one 
mouse. On the contrary, there frequent- 
ly appear only some ones; the hyper- 
motility, the tail reaction, the dyspnea, 
the diarrhea and the immobility are 
the most characteristic and constant 
signs. The intensity changes according 
to the mouse. Occasionally the con- 
vulsions are so violent that the animal 
dies a few minutes after the adminis- 
tration of nalorphine. It was thought 
possible that the most intense syn- 
dromes were due to intravenous ad- 
ministration of nalorphine, because of 
an hemorrhagic zone found at the in- 
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jection place. But this was not the 
case; when nalorphine was given into 
the vein, the abstinence syndrome ap- 
peared sooner with approximately the 
same intensity. 

The indicated description of the 
abstinence syndrome belongs to that 
obtained with our mice. Nevertheless, 
the symptoms may change according 
to the strains. Thus, in the mouse DBA 
(deep brown) from Dr. Hoeckel’s 
stock (*) the period of hypermotility 
is weak and short; on the contrary, 
the immobility is so profound that the 
animals rest wherever they are placed 
as if they were lethargic. 


DISCUSSION 


The classic effects of morphine have 
been confirmed in mice when the drug 
is administered as pellets: changes in 
attitude, presence of Straub reaction, 
exophthalmus, analgesia, lost of weight, 
resistance to analgesic properties of 
ethyl ether, etc. 

Tolerance to morphine is developed 
little by little. It the dose of the drug 
is large enough and does not kill the 
animal in the first 2 or 3 days, 
the mouse will accept afterwards very 
high quantities in short time. The 
animals here employed absorb more 
than | gm per day and per kilogram 
27 days after the first implantation. In 
other occasions, not described in this 
paper, animals absorbed more than 
2 gm 20 days after the first adminis- 
tration. On the other hand, one can 
administer at once an amount of mor- 
phine that represents 600 mg of daily 
absorption per kilogram of weight, 
without killing the mouse. 

As it was referred, pain was studied 
placing the animal on a metallic plate 
heated to 56°. Greater temperatures 
induce burns, as also has been indicated 
by others (®°). When the test is perfor- 
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(*) We thank Dr. 
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med daily during a long period they 
learn to recognize the heated plate and 
rapidly do the characteristic sign, at 
which time the test is ended; other, 
sitting on the posterior limbs do not 
put the hand in the mouth. A third 
group jumps down from the plate; in 
a fourth, the sign was made so rapidly, 
that it was not possible to assure if it 
was or not conditioned by heat. Res- 
ponses to the thermal stimulus seems 
more regular if one measures the time 
taken by the animal to carry the pos- 
terior limb to the mouth, Because of 
this, in our experiments we considered 
this fact as the characteristic sign. It 
is possible that the Woolfe’s method 
may be adequate for studying the anal- 
gesic properties in only few oppor- 
tunities in the same animal, but when 
the test must be -epeated during a 
long time, day by day, it has less value 
for the discussed reasons. This may be 
the cause of variabilities in the anal- 
gesic threshold shown in Table I. 
Muscular tension was verified by the 
time elapsed before the mouse looses 
the wire gauze of 45 gm of weight 
when the animal is suspended by the 
tail. Obviously the test implies other 
factors that may induce mistakes: ab- 
normal position, movements performed 
by the animal on the wire gauze, etc. 
Perhaps these will be the reasons why 
the muscular tension appears to be 
decreased by the influence of mor- 
phine, result that does not agree with 
the current observation that is is more 
difficult to separate the animal from 
the fingers when it is handled. It could 
be objected that other factors besides 
muscular tension would dissappear by 
training. Nevertheless, it is necessary 
to remember that the experiment star- 
ted after the animals were used to it. 
Morphine does not induce an im- 
portant perturbation of equilibrium. 
The only abnormal sign occasionally 
presented is a prolonged time in cross- 
ing the wooden cylinder. When it is 
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present, the time taken to leave the 
first surface and to reach the cage after 
crossing the bridge, are also prolonged. 
One explanation of the phenomenon 
may be found in the immobility and 
the catatonic status which may produce 
the drug. 

The abstinence syndrome in the mice 
is rich in manifestations. Unfortuna- 
tely, it is difficult to evaluate its in- 
tensity in order to establish compa- 
risons. Symptoms vary in quantity, 
intensity and frequency. In some mice 
the period of hypermotility persists for 
a long time; in others, it is short, and 
finally, when the period of immobility 
appears, it is difficult to evaluate its 
intensity and duration. Thus, compa- 
risons must be rough and based on 
subjective appreciations; these facts 
agree with those related by Carter and 
Wikler (?). 

Seevers (* 1°) has emphasized the 
exigence of a correct method in order 
to induce physical dependence in small 
animals. Furthermore, he has postula- 
ted that the administration of doses of 
morphine, separated by large intervals 
of time is an experimental error. In 
this paper it is demostrated that mor- 
phine implanted as a pellet may induce 
a very intense abstinence syndrome rich 
in signs after a relatively short time 
Hanna (°) obtains in rats, after 20 days 
of treatment, an abstinence syndrome 
neither so intense nor with so many 
symptoms as the one reported in the 
mouse in this paper. He injects mor- 
phine every 4 hours, arriving to the 
very large dose of 2.2 gm a day. The 
difference must be due to the dissimilar 
species employed, or perhaps, to the 
continuous administration of morphine 
which produces the implantation of 
the pellet. 


SUMMARY 


1) Pellets of morphine have been 
implanted in the subcutaneous tissue 
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of mice. The pellets are well tolerated 
locally; its absorption is regular and 
is completed during 30-32 days. 

2) Morphine administered as a pellet 
provokes its classic effects. Furthermore, 
the equilibrium, muscular tension and 
a “complex test” are not modified. 

3) Morphine as a pellet induces to- 
lerance, phenomenon that progresses 
gradually. In the experimental con- 
ditions here reported all signs studied 
vanished at least in 13 days. On the 
other hand, when the compound is 
administered as a pellet mice tolerate 
large doses of morphine. 


4) When the action of morphine is 
interrupted by the effect of nalorphine, 
the abstinence syndrome appears; it 
has many symptoms and they are very 
intense. Unfortunately, symptoms are 
so varied that it is not possible to stan- 
dardize the syndrome in order to esta- 
blish comparisons. 
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VASCULAR CHANGES IN THE RETINA OF DIABETIC RATS 


I. T. L. Musaccuio, N. PALERMO 


and R. R. RopriGuEz 


(Institute of Physiology, School of Medicine, University 


ANY different studies have been 
M done on the retina of the rat in 
an attempt to obtain a satisfactory 
method of clearly presenting the ar- 
teries, veins and capillaries so that their 
possible changes in experimental dia- 
betes can be studied. 

The first tests were made with intra- 
arterial injections of India ink in anes- 
thetized animals. This technique was 
not successful because only the vessels’ 
borders could be seen, and not very 
clearly. 

By a technique using silver nitrate 
intravascularly. Hausler and Sibay 
(1959) achieved results which induced 
us to make studies using silver am- 
moniacal carbonate of Rio Hortega, 
also administered intravascularly. By 
this method sufficiently clear images 
were obtained in normal animals (Mu- 
sacchio and Palermo, 1959). Cairns, in 
the same year, described the vascular 
distribution in the retina of the nor- 
mal rat, based on the work of Michael- 
son (1954), who completed and enlar- 
ged the work by Hesse (1880). Sudak 
et al. (1958) observed vascular disten- 
sions in the venous walls of cheek 
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pouchs of hamsters having alloxan 
diabetes for 90-120 days. 

The present work shows that alloxan 
diabetes produces marked changes in 
the arteries and veins of the retina in 
rats, 


MATERIALS AND METHODS 


The animals used were forty adult 
rats, raised in our Institute, with mo- 
derate to severe alloxan diabetes. Dur- 
ing the entire experiment they received 
forced feeding and the degree of their 
diabetes was controlled weekly through 
determinations of urine glucose and 
monthly by determinations of glycemia. 
The control rats were forced fed and 
were injected with alloxan but did not 
become diabetic. 

The technique used for the obser- 
vation of the retina was the following: 
under general anesthesia by ether, the 
inferior vena cava and the abdominal 
aorta were ligated. The abdominal 
aorta was catheterized with a_poly- 
ethylene tube up to the ventricle and 
the jugular veins were sectioned to 
establish an open circuit. 

Then through the aorta and at 


a 
4 
a 
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approximately 100 mm Hg pressure, 
1 and i0°%, formaldehyde as well as 
subsequently a strong solution of silver 
carbonate (*) were injected. The eyes 
were removed and placed for 15 mi- 
nutes in 1 °% formaldehyde at 35-40° C; 
they were washed with distilled water 


(*) Strong solution of silver carbonate: 


10% silver nitrate ......... 100 ml 

10 ., sodium carbonate .... 300 
bidistilled water ...... 300 ,, 
add 10 ,, silver nitrate ......... 100 ,, 


A yellowish-white precipitate forms which 
clears when ammonia is added drop by drop 
and shaken. 

Important: do not add ammonia to excess. 


MUSACCHIO ET AL. 


FiG. 1.— Normal artery in a con- 
trol rat (weight: 120 grams). The 
diameter is uniform. The trans- 


verse striae are muscular fibers 
(x 48o). 


and an incision was made in the upper 
temporal quadrant of each eye. They 
were then placed again in 1 % formal- 
dehyde for 1 to 5 hours to complete 
the fixation. 

Dissection and smear of the retina: 
the eyes were marked for orientation 
in the upper limbic zone, from which 
point the corneas were removed with 
scissors and the lens extracted. An 
incision was made in the outer upper 
quadrant, including all the membranes, 
to determine the orientation of the 
previously smeared retina. The retina 
was separated from the choroids with 
scissors to the junction of the optic 


Fic. 2.— Normal vein in a control 
rat (weight: 53 grams). The dia- 
meter is uniform. Note the endo- 
thelial borders and nuclei (x 480). 


| = 
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Fic. 3. — Superficial capillary net in 
the retina of a normal rat (weight: 
110 grams). One vein with direct 
A. V. anastomosis, with a free peri- 
venous area and the beginning of 
deep capillaries are shown (x 120). 


nerve. The optic nerve was sectioned 
after the choroids and sclera had been 
placed to one side and the retina to 
the other. The retina was then passed 
through 1% sodium hyposulfite and 
desiccated by the usual technique for 
silver dyeing. The retina was mounted 
on a slide and several radial incisions 
made. 


RESULTS 


Figures 1 and 2 show the normal 
appearance of the arteries and veins. 
It can be seen that this technique shows 
the structure of the cells and fibers 


Fic. 4.—Rat with severe diabetes 
of 16 months duration (weight: 
271 grams) showing three arteries 
and two veins. The arteries are 
flexuous with few muscular fibers; 
an arterio (A)-venous (V) crossing 
is seen, which is abnormal at that 
level, lacking muscular fibers. The 
vein adapts itself to the flexuosity 
of the artery. Note the flexuous 
capillaries of the superficial net 
(SC), as well as those of the deep 
capillary net (DC) (cf. Fig. 3), due : 
to the atrophy of the retina (x 120). ‘rae? 


of the vessels. Figure 3 shows the nor- 
mal superficial capillary net and the 
beginning of the deep capilaries on 
different levels. 


The pictures of the diabetic rats 
(Figs. 4, 5, 6 and 7) show changes, 
the predominant one being a vascular 
dilatation with the following charac- 
teristics: 1) it is seen initially in the 
venous net and later becomes genera- 
lized and uniform in its distribution, 
remaining constant during the entire 
period from the sixth to the sixteenth 
month of diabetes; 2) the appearance 
of papillary vessels or vascular stars is 
accompanied by a dilatation of the 


vies q 


merging area whose surface is also 
increased (Fig. 7); 3) the most striking 
finding is arterial dilatation. The ves- 
sels reach a large caliber in some cases 
which is fusiform in others. The ar- 
terial dilatation ends abruptly and 
returns later to a normal caliber 
(Fig. 5). The vessels are elongated and 
therefore flexuous (Fig. 6). Another 
point to consider is the lessening of the 
thickness of the wall at the expense 
of the disappearance of the muscular 
fibers in the dilatated zones; 4) the 
capillary net: the superficial and 
the deep capillary nets are found on 
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Fic. 5.— Rat with moderate diabe- 
tes of 16 months duration (weight: 
270 grams). Artery: proximal end 
very dilatated with loss of mus- 
cular fibers, a thinned 
wall shows the transverse capil- 
laries. Capillaries: arterial in the 
superficial net very flexuous and 
interwoven with the veins in the 
deep net, which are dilated (x So). 


narrow 


the same level, due possibly to a thinn- 
ing of the retina, which is not seen 
in the normal retina (Fig. 4). The 
deep net, which is formed entirely by 
venous capillaries, is also dilatated and 
flexuous, 

These changes were bilateral in all 
the cases and observed in 39 out of the 
40 rats studied, but were mere marked 
in the animals with severe diabetes. 


DISCUSSION 


The technique described allows a 
clear observation of the arteries and 


Fic. 6.— Rat with severe diabetes 

of 15 months duration (weight: 

235 grams). Artery and capillaries 

are flexuous and dilatated with a 

loss of transverse fibers. Note twist- 
ing of all the axis (x 320). 
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veins and the capillary net of the re- 
tina. These observations have been ex- 
tended to other organs and will permit 
us to make similar studies. 

In the rat with moderate or severe 
alloxan diabetes. of 6 to 16 months 
duration the changes are reduced pre- 
dominantly to vascular dilatations and, 
in these experiments, do not show the 
polymorphic changes seen in human 
diabetic retinopathy. 

Studies in rats with diabetes after 
subtotal pancreatectomy are pro- 
gress. 


SUMMARY 


White rats from our Institute strain 
with severe or moderate alloxan dia- 


Fic. 7.—Changed picture of vas- 
cular emergency, right side (D) in 
a normal rat (weight: 290 grams) 
and a rat with severe diabetes of 
16 months duration (weight: 295 
grams); left side (I) (x 8o). 


betes were used through out the ex- 
periment; 40 of these animals were 
forced fed during 16 months with 
weekly determination of glucose in 
urine and glycemia measured once a 
month. Alloxan injected non-diabetic 
rats were used as controls. 

Under ether anesthesia and after 
ligature of the vena cava and abdo- 
minal aorta, they were injected, in the 
thoracic aorta and the ventricle, with 
silver carbonate. Afterwards the eyes 
were removed, fixated, the retina dis- 
sected and studied under the micro- 
scope. 

The most characteristic changes were 
dilatation of the vessels, specially the 
arteries and loss of the muscular fibers, 
without hemorrhages. 
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LA ACOMODACION DEL MUSCULO VENTRICULAR 
DE TORTUGA (*) 


L fenédmeno de acomodacién, mo- 
E dificaciones de los umbrales de 
estimulacién por el paso de corriente 
directa en un tejido excitable, ha sido 
analizado por Solandt (1936), Bernard 
(1942) y por Rosenblueth y del Pozo 
(1942) en el nervio y en las motoneu- 
ronas por Araki y Otani (1959). El 
proposito de este trabajo fué el de estu- 
diar el comportamiento del musculo 
cardiaco en lo referente al proceso de 
acomodacién y los cambios. electroté- 
nicos de su excitabilidad. 


METODO 


Se emplearon corazones de la tortu- 
ga Kinosternon hirtipes. Dos tipos de 
preparaciones fueron usadas: ventricu- 
lo aislado y ventriculo perfundido. El 
ventriculo aislado fué fijado a una la- 
mina de corcho cubierta con papel de 
filtro humedecido en solucién salina 


(*) Este trabajo fué realizado con la apor- 
tacion de un donativo de la “Life Insurance 
Medical Research Fund”. 

(**) Becario del “Consejo Nacional de In- 
vestigaciones Cientificas y Técnicas” de la Re- 
publica Argentina. 

Recibido para publicacién, Marzo 27, 1961. 
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y el ventriculo perfundido lo fué de 
acuerdo a la técnica de Straub-Fiihner. 
Ambas preparaciones se colocaron en 
una camara hiimeda. Por medio de sec- 
ciones (en el ventriculo aislado) y de 
ligaduras en la base del ventriculo en 
el perfundido, se abolié totalmente el 
automatismo. Para humidificar y per- 
fundir el ventriculo se utilizé liquido 
de Tyrode, ajustando su pH a 7.2 con 
NaH,PO, + 2H,O. Como electrodos 
de estimulo se utilizaron hemicél: 
las de calomel saturado de 3 cm dz 
diametro, El contacto con la prepara- 
cién se hizo a través de un puente de 
agar-Ringer que terminaba en un hilo 
embebido en la misma solucién. Estos 
electrodos se comportaron como impo- 
larizables con los voltajes empleados 
(5 a 70 voltios de corriente directa). La 
impolarizabilidad de los electrodos se 
comproboé de las dos siguientes mane- 
ras: 1) en un 6hmetro conectado en 
serie con los electrodos, sumergidos en 
solucién salina se leyé la corriente co- 
rrespondiente a los diferentes voltajes 
aplicados; 2) se hicieron pasar corrien- 
tes de diversos voltajes a los electrodos 
de estimulo en serie. con un oscilosco- 
pio. Al mantenerse constante la rela- 
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cién entre voltaje y resistencia en el 
primer caso y al obtenerse un despla- 
zamiento instantaneo y fijo del rayo 
del osciloscopio, en el segundo, se con- 
cluy6 que no se desarrollaba fuerza 
electromotriz de polarizacién en los 
electrodos, 

Para la determinacién de la acomo- 
daci6n se utilizaron corrientes expo- 
nencialmente crecientes. Un circuito 
combinaba adecuadamente condensa- 
dores en paralelo y resistencias en serie 
con el ventriculo de acuerdo al esque- 
ma de la figura 1 (Solandt, 1936). Para 
las curvas de intensidad-duracién se 
agreg6 a este circuito una Ilave inver- 
sora. La resistencia del circuito era de 
120.000 ohms, la de los electrodos 
40.000 ohms y la de la preparacién 
4.000 ohms. En el transcurso de los 
experimentos esta ultima no tuvo cam- 
bios mayores de 1.000 ohms. Las cons- 
tantes de tiempo obtenidas con los con- 
densadores utilizados (1-11 pf) fueron 
hasta de un segundo. Para los cambios 
electroténicos se utilizaron dos estimu- 
ladores (Grass, modelo S$4B) acoplados 
en paralelo. Los estimulos se pasaron 
a través de unidades que los separaban 
de tierra. Para el registro se utiliza- 
ron electrodos de plata conectados por 
puentes de agar-Ringer terminados en 
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una mecha de hilo apoyada sobre el 
ventriculo. Los registros, tanto de la 
respuesta ventricular como de los po- 
tenciales aplicados, fueron fotogratia- 
dos en la pantalla de un osciloscopio 
de rayos catédicos de doble rayo, uti- 
lizando su amplificador acoplado di- 
rectamente. Para el registro de las res- 
puestas repetitivas se usé un galvano- 
metro de cuerda. 

Para medir la excitabilidad eléctrica 
del coraz6n se construyeron curvas de 
intensidad-duracion, con descargas de 
condensadores, antes y después de cada 
medida de la acomodacién. Los expe- 
rimentos en donde las curvas iniciales 
y finales tuvieron diferencias significa- 
tivas fueron desechados. Ambos tipos 
de preparaciones mantenian iguales 
condiciones de excitabilidad durante 
dos horas; de ahi que en la mayoria 
de las determinaciones se usara la pre- 
paracion de ventriculo aislado, por ser 
de técnica mas facil. Los experimentos 
fueron realizados a una temperatura 
que varié entre 18° y 23°C, 

La determinacién de las curvas de 
acomodacion y de los cambios electro- 
tonicos, se hicieron pasado un lapso 
de 30 min de colocado el musculo ven- 
tricular en la camara huimeda, pues 
durante este tiempo se observaron os- 


Fic. 1.—Diagrama del circuito eléctrico utilizado para estimular con corrientes exponencial- 
mente crecientes. P: pila seca 45-90 volts. V: voltimetro. C: condensadores variables, R: 200,000 Q. 
I: llave interruptora. OSC: osciloscopio. V,: miusculo ventricular. 
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1.0 


0.1 0.3 0.5 0.7 seg 
Fic. 2.—Curva de acomodacién determinada 
con corrientes exponenciales. Abscisas: cons- 
tante de tiempo de carga de los condensado- 
res. Ordenadas: cociente entre voltaje maximo 


aplicado y voltaje reobase. 


cilaciones de la reobase y de la resisten- 
cia total de la preparacién. 


RESULTADOS 


Aplicacion de corrientes exponencial- 
mente crecientes. — Se hicieron determi- 
naciones del voltaje minimo necesario 
para provocar una respuesta ventricu- 
lar (U), utilizando pulsos de corriente 
exponencialmente creciente, y del vol- 
taje umbral, utilizando corriente di- 
recta de crecimiento instantaneo (U,). 
Este ultimo valor se midi6é varias veces 
en el transcurso de los experimentos. 
Una vez determinado el valor umbral 
(U,) se procedia a buscar una respuesta 
ventricular con estimulos que tenian 
constantes de tiempo variables (100-900 
mseg); después se procedia de manera 
inversa, aplicando primero estimulos 
con constantes de tiempo largas, hasta 
llegar a estimulo con constantes cortas. 
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Con cada constante de tiempo se in- 
vestig6 el minimo voltaje que produ- 
cia uma respuesta ventricular. 

La curva de la figura 2 fué obtenida 
graficando en las abscisas constantes 
de tiempo y en las ordenadas el vol- 
taje maximo de los pulsos exponencia- 
les U, sobre el voltaje umbral. Al dis- 
minuir la derivada de los pulsos, se 
observ6 que se necesitaban mayores 
voltajes para alcanzar el umbral. La 
mitad de las curvas obtenidas tuvieron 
una configuracién paraboloide (Fig. 2), 
pero esta definicidn matematica no pu- 
do ser aplicada a la totalidad de las 
mismas. Las curvas presentaron una 
disminucién en la pendiente cuando 
se estimuléd con corrientes exponencia- 
les de larga duracion. 


Influencia de los pulsos largos sub- 
reobdsicos catddicos y anddicos sobre 
la excitabilidad. —Se aplicaron pulsos 
largos de 0.5 a 1.5 seg de duracién con 
una intensidad que variaba entre el 
45 y 90 por ciento de la reobase, la cual 
fué determinada por un pulso de co- 
rriente directa catéddico de duracién 
larga. Por los mismos pares de electro- 
dos impolarizables se enviaron pulsos 
catédicos de prueba de 1 mseg de du- 
raci6n para determinar umbrales. Los 
intervalos de aplicacién de estos pulsos 
medidos a partir de la iniciacién del 
pulso largo, eran variables. Se explo- 
raron también los umbrales después 
del fin del pulso largo condicionante. 

En la figura 3-I se observan los re- 
sultados obtenidos en un experimento 
donde se aplicé un pulso condicionante 
catédico de 80 por ciento de la reobase. 
Durante la fase inicial se vid una dis- 
minucién del umbral, que fué aumen- 
tando hasta sobrepasar el valor de con- 
trol, manteniéndose este aumento hasta 
el fin del pulso condicionante. Al ex- 
plorar inmediatamente después del pul- 
so largo, los umbrales tuvieron un 
brusco aumento para disminuir expo- 
nencialmente hasta los valores iniciales. 

Con pulsos anddicos largos, y esti- 


ACOMODACION EN EL MUSCULO 


mulos de prueba catdédicos de 1 mseg 
de duracién (Fig. 3-II), aparecieron 
modificaciones opuestas a las descritas 
para los pulsos catédicos. El umbral 
se encontré inicialmente aumentado, 
para disminuir después y quedar por 
debajo del valor inicial, hasta el cese 
de la corriente. Los cambios que se 
observaron después del cese de la co- 
rriente anddica fueron opuestos a los 
determinados por la suspensién del 
pulso catédico. 

Los cambios precedentemente descri- 
tos estan en relacién directa con la 
intensidad del pulso aplicado como 
lo muestra la curva de la figura 4, la 
cual fué determinada en la siguiente 
forma. Se eligid un intervalo en donde 
se observé acomodacién; se varid la 
intensidad del pulso condicionante y 
para cada intensidad se probé el um- 
bral. La acomodacién aparecié con vol- 
tajes mayores del 45 por ciento de la 
reobase y a medida que esta intensidad 
se iba aumentando, iba creciendo el 
proceso de acomodacién. El aumento 
del voltaje del pulso polarizante, pro- 
vocé modificaciones del momento de 
aparicidn de la acomodacién, por lo 
que no se pudo dar valores de tiempo 
precisos, para definir este proceso. 

Respuestas repetitivas. — La aplica- 
cién de pulsos largos (40-100 seg) de 
corriente directa, 2-3 veces umbral, pro- 
vocé la aparicién de respuestas repeti- 
tivas en el ventriculo, durante los pri- 
meros 10 seg de iniciada la aplicacién 
del pulso. El mismo procedimiento se 
repitid en el corazon de tortuga “in 
situ’’ con electrodos impolarizables co- 
nectados al ventriculo y asegurandose 
que todas las respuestas tuvieran origen 
ventricular. En este caso las respuestas 
se obtuvieron durante todo el tiempo 
de aplicacién del pulso. 


DiscusiONn 


La necesidad de usar ventriculos des- 
provistos de automatismo, esta deter- 
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minada por la duracién de las corrien- 
tes empleadas necesarias para la cons- 
truccién de las curvas que duraban mas 
que el ciclo de recuperacién de la ex- 
citabilidad ventricular. 

Medida de la acomodacion por la 
aplicacién de corrientes exponencial- 
mente crecientes. — Con el circuito uti- 
lizado se obtuvieron corrientes que cre- 
cen exponencialmente con una cons- 
tante de tiempo que esta determinada 
por la capacidad. Con estas corrientes 
de crecimiento lento el voltaje para 
alcanzar el umbral aumentaba gradual- 
mente. Al graficar en coordenadas 


Fic. 3.— Cambios de umbrales en las respues- 
tas que se desarrollan durante o después de 
la aplicacién de pulsos condicionantes. La am- 
plitud del pulso de prueba fué medida a par- 
tir del cero del puiso largo. Abscisas: tiempo. 
La flecha indica el fin de la aplicacién de los 
pulsos largos condicionantes; el principio de 
éstos esta determinado por el origen. Ordena- 
da: cociente entre el voltaje necesario para 
alcanzar el umbral (U) y el umbral obtenido 
con un pulso catédico de 1 mseg de duracién 
(U,) (U/U,). En las ordenadas el valor 1.0 
representa el umbral. 
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cartesianas, la constante de tiempo de 
carga de los condensadores contra el 
voltaje necesario para estimular, se ob- 
tienen curvas que son demostrativas 
de la acomodacién (Hill, 1936). En 
nuestras curvas se graficé la intensidad 
maxima para que con una constante 
de tiempo dada, se alcanzara el um- 
bral, Esta intensidad maxima no es a 
la que la respuesta ocurrid, pues expe- 
rimentalmente se observ6 que dichas 
respuestas se producian al llegar al 70 
u 80 por ciento del voltaje medido. 

A los resultados observados, se les 
aplicaron las ecuaciones que se han 
desarrollado para nervios. Las propie- 
dades eléctricas cualitativamente seme- 
jantes entre los tejidos nerviosos y el 
musculo cardiaco, permiten esta com- 
paracion. Quedo descartada la aplica- 
cién de la ecuacién de Hill (1935) que 
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predice una relacioén lineal entre el 
umbral relativo y la constante de tiem- 
po de crecimiento de las corrientes apli- 
cadas. Rosenblueth y del Pozo (1942), 
dieron una relacién parabdlica, entre 
el aumento del umbral y la constante 
de tiempo de los pulsos aplicados. Al 
someter los presentes experimentos a 
la prueba que dichos autores indica- 
ron, resulté que solo algunas dieron la 
relacién lineal establecida por ellos. 
Sélo podemos concluir que el musculo 
ventricular de la tortuga presenta aco- 
modacién a los estimulos eléctricos y 
que la acomodacién es un_ proceso 
lento. 

Otra caracteristica de las curvas ob- 
tenidas es el hecho de no presentar 
una pendiente unica. Esta caracteristica 
fué también descrita por Rosenblueth 
(1942), Bernard (1942) y Sato (1950). 


Fic. 4.— Cambios en la magnitud de la acomodacién, por 

modificaciones en la intensidad del pulso subumbral. Abs- 

cisas: porcentaje del pulso largo subumbral, con respecto 
a la reobase. Ordenadas: cociente U/U,. 
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Estos autores hacen mencién de la exis- 
tencia de un quiebre en las curvas; en 
las nuestras este quiebre no queda defi- 
nido. Sin embargo, creemos que esta 
diferencia es sdlo cualitativa. Varias 
hipotesis se han formulado para la in- 
terpretacion de este accidente. Rosen- 
blueth (1942) atribuy6 la ausencia de 
quiebre que describieron Solandt (1936) 
y Screiver (1930) a las diferentes con- 
diciones experimentales. Rosenblueth 
did énfasis al hecho de haber usado 
nervios “in situ” y circulados. Esta ex- 
plicacion no podria ser aplicada a nues- 
tras experiencias, puesto que el muscu- 
lo ventricular tampoco estaba irrigado. 

Por otra parte Sato y col. (1950) en- 
contraron en el ciatico de la rana un 
quiebre en la curva; en cambio en la 
fibra nerviosa aislada de este mismo 
tronco observaron que la relacién entre 
la intensidad de la corriente y la cons- 
tante de carga de los condensadores 
resultaba una linea recta. Estos auto- 
res concluyeron que la heterogeneidad 
en la excitabilidad del tronco nervioso 
estudiado, determinada por fibras ner- 
viosas de umbral bajo y acomodacién 
rapida y por fibras de umbral alto y 
acomodacion lenta, explicaria este acci- 
dente en la curva. 

La heterogeneidad de las fibras del 
musculo ventricular del coraz6n de tor- 
tuga, producida por la irrigacién insu- 
ficiente, podria explicar, de acuerdo a 
esta ultima hipotesis, la existencia de 
la modificacién de pendiente observa- 
da en nuestras curvas. 


Los efectos de las corrientes polari- 
zantes. — Los cambios encontrados en 
los umbrales son similares a los obser- 
vados por Erlanger y Blair (1931-32) al 
iniciar o interrumpir pulsos subumbra- 
les, aplicados al nervio. Los cambios en 
los que se ve un aumento del umbral 
inicial, corresponden a los descritos por 
Rosenblueth y Garcia Ramos (1952) 
en las raices lumbares del gato. La 
explicacién de ambos efectos esta en 
relacidn con las modificaciones sufri- 


das por las respuestas locales cuando 
son iniciadas por estimulos de prueba 
catédicos de corta duracion en el trans- 
curso de la aplicacién de pulsos largos 
catédicos y anddicos. Estas respuestas 
locales han sido estudiadas en el ner- 
vio, musculo estriado y en la placa 
neuromuscular, pero no existe un es- 
tudio de las mismas en el musculo car- 
diaco. Sin embargo, su existencia ha 
sido puesta de manifiesto por varios 
investigadores (Bozler, 1942-43; Garcia 
Ramos y Rosenblueth, 1947). Es con 
estas evidencias que se explican los re- 
sultados obtenidos. 


Rosenblueth y Garcia Ramos (1952) 
demostraron que durante el principio 
de la aplicacién de un pulso catédico 
largo a las raices nerviosas, la magni- 
tud de las respuestas locales brusca- 
mente aumenta disminuyendo luego 
progresivamente. Al cesar el pulso, las 
1espuestas locales primero disminuyen 
bruscamente de tamafo y luego aumen- 
tan progresivamente hasta alcanzar su 
amplitud inicial. Por lo tanto, al prin- 
cipio del pulso largo, el estimulo de 
prueba aplicado para iniciar respuesta 
propagada es de menor intensidad, pues 
se suma algebraicamente a la respuesta 
local producida por el paso de un pulso 
largo catédico. Cada vez la suma es 
menor y el estimulo necesario para 
alcanzar el umbral es mayor. Al cesar 
el pulso largo la respuesta local esta 
muy disminuida de magnitud, necesi- 
tandose entonces un estimulo que esta 
aumentado por encima del umbral para 
producir respuesta propagada. Con la 
aplicacién de corrientes anddicas suce- 
den efectos contrarios y la explicacién 
también estaria dada por la suma de 
respuestas locales y estimulos eléctricos. 

Con lo anterior quedarian explica- 
dos los efectos iniciales producidos por 
el paso de corriente directa y los efec- 
tos observados después de la aplicacion 
de la misma. Queda sin explicar el 
aumento de umbrales que se observé 
durante la aplicacién de pulsos catoé- 
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dicos y la disminucién durante las co- 
rrientes anddicas. Este cambio de um- 
brales es lo que se ha definido anterior- 
mente como acomodacién. De acuerdo 
con la nomenclatura de Rosenblueth, 
ésta seria positiva cuando aumentan 
los umbrales y negativa cuando dismi- 
nuyen. El estudio detallado de las res- 
puestas locales del musculo ventricular 
aclararia posiblemente el mecanismo 
de la acomodacion. 

Las respuestas repetitivas y la acomo- 
dacion. — La aparicién y duracién de 
las respuestas repetitivas esta estrecha- 
mente vinculada con la acomodacion. 
Referente a este ultimo proceso, puede 
hacerse la siguiente consideracién. Sdlo 
se obtienen respuestas repetitivas cuan- 
do la acomodacién es lenta. La obten- 
cién de respuestas repetitivas en el 
musculo ventricular confirma los re- 
sultados obtenidos con los pulsos expo- 
nenciales y los pulsos largos subumbra- 
les, de que se trata de un proceso de 
desarrollo temporal lento. 

El hecho de que estas respuestas no 
aparezcan en los experimentos de ven- 
triculo aislado, durante todo el tiempo 
que dura la aplicacién del pulso largo, 
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puede ser explicado por las condicio- 
nes experimentales relativamente defi- 
cientes. 


RESUMEN 


Se determiné la acomodacion a esti- 
mulos eléctricos en el ventriculo aisla- 
do o perfundido del corazén de tortuga. 
Como estimulos se utilizaron corrien- 
tes exponencialmente crecientes. Para 
los cambios electroténicos se usaron 
estimulos de prueba catdédicos de un 
milisegundo de duracién aplicados du- 
rante el desarrollo de pulsos largos 
subumbrales catédicos y anddicos. Por 
ambos procedimientos se encontré que 
el musculo cardiaco presenta el feno- 
meno de la acomodacién y que este 
proceso tiene un curso temporal lento. 
Las caracteristicas de las respuestas re- 
petitivas confirman esta ultima aseve- 
racion. 


Los autores agradecen a los doctores 
A. Rosenblueth y J. Alanis las suges- 
tiones y consejos recibidos durante la 
preparacioén de este trabajo. 
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THE VARIATION OF THE ELECTRIC RESISTANCE 
OF MICROELECTRODES DURING THE FLOW 
OF CURRENT (*) 


: resistance of a capillary tube 
varies with the magnitude and 
direction of the electrical current pas- 
sing through it. A gradual increase in 
the resistance is observed as the cur- 
rents flow when the three following 
conditions are fullfilled: the current 
passes from within the capillary to the 
solution outside; the voltage applied 
is prolonged; the tip of the capillary is 
immersed in a liquid whose conduc- 
tivity is less than that of the liquid 
within the capillary (usually Ringer’s 
solution or cellular protoplasm). The 
increase of resistance of capillary tubes 
Has imposed limitations on physiolo- 
gical experiments employing capillary 
type electrodes (microelectrodes) and 
through which currents greater than 
10-9 ampers flow, in an outward direc- 
tion (Weidmann, 1955; Eccles, 1957). 
Taylor (1953) has suggested that this 
phenomenon is a consequence of the 
flow of the fluid of the medium into 
the tip of the micro-electrode, and 
since the conductivity of the external 
medium is low, the resistance of the 
micro-electrode rises. The flow of 
liquid results from a pressure difference 


(*) This work was supported by a grant 
from the “Life Insurance Medical Research 
Fund”. 

(**) Fellow of the Organization of the 
American States. 
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between the two ends of the capillary 
tube. The data presented below con- 
firm Taylor’s (1953) suggestion. 

The capillaries used were of the 
type described by Ling and Gerard 
(1949). The points were immersed in 
a bath containing an electrolyte so- 
lution. The solution was in contact 
with a chlorided silver wire with a 
resistance of one MQ, which was groun- 
ded. Within the capillary, a chlorided 
silver wire was placed which was con- 
nected to a square pulse generator of 
low impedance. The other pole of the 
stimulator was grounded. The ends of 
the 1 MQ resistance were connected to 
a D.C. preamplifier, or directly to a 
D.C. amplifier of an oscilloscope and 
the flow of current through the micro- 
electrode was thus recorded. 


Effect of the conductivity of the 
external medium on the flow 
of current. 


Figure 1 A indicates the magnitude 
of the current through the micro-elec- 
trodes when pulses of 7.5 msec dur- 
ation, and of 0.8, 1.2, 1.7 and 2.2. 
volts, were applied. Upward deflections 
indicate a positive voltage inside the 
capillaries; downward deflections, a 
negative voltage. The deflection corres- 
ponding to —2.2 volts was too great 
to be seen on the screen. These elec- 
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Fic. 1.— Effect 


of the 
external medium on the flow of current of 
a micro-electrode. For explanation see text. 


conductivity of the 


trodes were immersed in a 0.17 M NaCl 
solution. 

The same voltages were applied in 
figures 1 B, 1 C, and 1 D. The solutions 
into which the electrodes were placed 
were 0.5 M KCl, 2.0 M KCI, and a 
saturated solution of KCl, respectively. 
The amplification employed in these 
figures was half that used in figure A. 
The specific conductivities of the so- 
lutions in figures A, B, C and D were 
of increasing order. The following 
observations can be made from these 
records: 

I. For a given positive voltage, the 
maximal current attained increases 
with the conductivity of the external 
liquid. 

II. In each case, except D, for a 
given positive voltage, as the magnitude 
of the current increases, the negative 
slope of the descending part of the 
curve also increases. 

Ill. If the conductivity of the exter- 
nal solution is increased, the rate of 
diminution of the current, after the 
maximal current is attained, decreases. 

These observations can be _inter- 
preted from the point of view of the 
electro-osmotic phenomenon. If the sig- 
nificant pressure gradient in the micro- 
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electrode is between the tip and the 
base of the cone (see equation I), when 
an applied voltage is positive, the flow 
of fluid is from the external solution 
into the tip of the electrode, and the 
mixture of the external fluid with 
the solution within the tip produces 
a gradual change in the resistance of 
the electrode. 

A decrease in the conductivity of the 
liquid which enters the tip will result 
in a lower maximal current (Fig. I A). 
The liquid with the highest conduc- 
tivity entering the tip of the electrode 
corresponds to Fig. | D. 

Observation II is in perfect agre- 
ement with the studies of Wiedemann 
(1852). This author showed that: 
V = AI, if V be the flow of liquid 
expressed in ml/sec, A, a constant, 
and I, the current, in amperes. From 
this equation it follows that currents 
of greater magnitude will dilute the 
solution within the tip more rapidly, 
because of a greater V (Fig. I A, IB, 
IC), and consequently, as I increases 


: ai. 
in magnitude, so that - increases. In 


addition, as the conductivity of the 
solution penetrating the tip is lowe- 
red, the rate at which the dilution 
within the tip occurs increases, and 
the absolute value of the above deri- 
vative, therefore, also increases. 

If the direction of flow of the liquid 
is reversed by the application of a 
negative voltage, the amplitude of the 
current is not modified by the con- 
ductivity of the external medium. 


The effect of hydrostatic pressure on 
the variation of resistance. 


The pressure difference between two 
ends of a capillary tube as a conse- 
quence of electro-osmosis is given by 


(I) P=2¢DEL/zr? (Glasstone, 1956) 
where L, is the length of the capillary 


tube; E, the difference of potential 
applied; D, the dielectric constant of 
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the liquid filling the pipette; ¢, the 
electrokinetic potential; and r, the 
radius of the capillary. 

The pressure P is directed from 
outside the pipette inward, when a 
positive voltage is applied to it. When 
a hydrostatic pressure opposite in direc- 
tion to P, is applied to the pipette, the 
flow of fluid will be modified. To 
obtain this effect, a micro-pipette was 
connected to a polyethylene tube filled 
with 3M KCl. The height of the co- 
lumn of fluid was thus placed at dif- 
ferent levels above the point of the 
electrode, which was immersed in 0.17 
M NaCl. The oscillographic traces of 
Fig. 2 demonstrate the results obtained. 
These correspond to different hydro- 
static pressures, with the voltage being 
kept constant (3.5 V). The tracing of 
lowest amplitude corresponds to a pres- 
sure of —5.0 cm; the next +-5.0 cm; 
the following, +15 cm and +35 cm. 
This figure demonstrates clearly that 
with an increase of hydrostatic pres- 


sure, the maximum current tends to 
increase, and to remain constant. 

In the graph of Fig. 2 the ordinates 
are the logarithm of the currents and 
the abscissae the logarithm of the pos- 
itive voltage. The micro-pipette was 
subjected to a hydrostatic pressure of 
+20 cm. The straight line correspond- 
ing to negative voltages can be super- 
imposed on the one in the graph. 
Under these conditions the microelec- 
trode did not show any rectification. 

The relation of maximum current 
to voltage is given by a hyperbolic 
equation, I = aE, with E either po- 
sitive or negative. When the micro- 
electrode was subjected to no hydro- 
static pressure, the value of b was 1.23; 
when subjected to +20 cm, the value 
of b was 1.033. As the value of b ap- 
proaches 1.0, the micro-electrode be- 
haves more and more according to 
Ohm’s law. 

In some cases, when the tip of the 
electrode was inserted into a cell, 
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Fic, 2.—Changes of the 

electrical resistance of a 

microelectrode caused by 

hydrostatic pressure. For 40-10 
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erratic changes of the resistance oc- 
curred during the flow of current. 
The same phenomenon is reported by 
Boistel and Fatt (1958), who offered 
as a possible explanation the fact that 
certain insoluble compounds of Ca 
migrate into the electrode and obstruct 
the tip when it is made positive. These 
erratic changes were not affected by 
hydrostatic pressure. 

Other authors have reported met- 
hods for correcting the increase in re- 
sistance of electrodes. Frank (1959) has 
shortened, under a microscope, the tip 
of his electrodes. According to equation 
(I), he has decreased the value of L, 
and increased the value of r, so that 
the value of P was diminished. 

Tasaki used currents of 10-6 am- 
peres, when the pH of the external 
volume conductor was sufficiently low. 
It is well known that electrokinetic 
potentials are greatly modified by chan- 
ges in pH (Glasstone, 1956). 

The dimensions of the cone of the 
microelectrode are also determinants 
of the value of the pressure needed to 
correct the flow of current through the 
electrode. As the length of the cone 
increases, and the diameter decreases, 
the pressure required becomes greater. 
The fact that the microelectrodes used 
by various authors (Eccles, 1957; Araki 
and Otani, 1955) had cones of different 
dimensions, explains the large discre- 
pancies among the limits of the elec- 
trical currents between which they 
could use their electrodes. 
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It is evident that other methods than 
hydrostatic pressure can be employed 
to correct the gradual increase of re- 
sistance by modifying any of the fac- 
tors in the electro-osmotic equation, as 
well as by modifying certain properties 
of the medium with which the elec- 
trodes are filled. 


SUMMARY 


The electrical properties of capillary 
tubes of the type described by Ling 
and Gerard (1949) were studied. A 
gradual increase of the resistance is 
observed as the current flows when 
the three following conditions are full- 
filled: the current passes from within 
the capillary to the solution outside; 
the voltage applied is prolonged; the 
tip of the capillary is immersed in a 
liquid whose conductivity is less than 
that of the liquid within the capillary 
(Fig. I). According to Taylor’s (1953) 
suggestion these observations can be 
interpreted from the point of view of 
electro-osmotic phenomenon. In con- 
sequence, the gradual increase of resis- 
tance was modified by exerting a hy- 
drostatic pressure on the micro-elec- 
trode (Fig. 2). 


The authors wish to acknowledge 
Drs. A. Rosenblueth and J. Alanis for 
the corrections made to this manuscript 
and to Dr. Philip Frost for the trans- 
lation from Spanish into English. 
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METABOLISM OF MALTO-OLIGOSACCHARIDES (*) 


H. N. Torres (**) and J. M. OLAvARRiA (***) 
(Instituto de Investigaciones Bioquimicas “Fundacién Campomar” 
and Facultad de Ciencias Exactas y Naturales, Obligado 2490, 


ELOFF-CHAIN et al have reported 
B the formation of M, (****), Mg, 
M,, etc. in tissues incubated in glucose- 
containing media. The synthesis of 
these products seemed to be closely 
linked with that of glycogen (1: 2. 3). Sie 
and Fishman detected the same M,, in 
rat liver and found that their changes 
in concentration were parallel to those 
of glycogen (#5). In later studies the 
same authors used C!4 labeled bicar- 
bonate as precursor and interpreted 
their results as evidence that glycogen 
was formed from M,, (®). 

In a recent paper (7), one of us has 
discussed this evidence in the light of 
new results. It was found that a par- 
tially purified liver extract, that syn- 
thesized glycogen frum UDPG (8), also 
formed M,, from glycogen. This pre- 
paration gave radioactive M,, from 

(*) This investigation was supported in part 
by a research grant (N° RG-3442) from the 
National Institutes of Health, U.S. Public 
Health Service, by the Rockefeller Foundation, 
and by the Consejo Nacional de Investigacio- 
nes Cientificas y Técnicas of Argentina. 

(**) This work was carried out during the 
tenure of a fellowship from the Consejo Na- 
cional de Investigaciones Cientificas y Téc- 
nicas of Argentina. 


Buenos Aires, Argentina) 


C!4-glycogen, but no label was trans- 
ferred in the opposite direction, i.e. 
from C!4-M,, to glycogen. In the same 
studies it was found that the M,, were 
formed from the outer branches of 
glycogen, thus explaining why incu- 
bation with C!4-UDPG gave after 5 
minutes M,, with much higher speci- 
fic activity than that of glycogen. It 
was this difference in specific activity 
that had been used by the previous 
authors as main argument in favor of 
the roles of M,, as glycogen precursors. 

In the present work it was found 
that in muscle and liver the formation 
of M,, from glycogen is catalyzed by 
an enzyme with the properties of an 
animal e-amylase. In both tissues, ano- 
ther enzyme was detected, which also 
attacks glycogen, giving rise to glucose 
as sole reaction product. It also libe- 


(***) Supported in part by the fellowship 
“Estela A. de Goytia” of the Asociacién Ar- 
gentina para el Progreso de las Ciencias. 

(****) Abbreviations used: M,,: malto-oli- 
gosaccharides; My: maltose; Mg: maltotriose; 
My: maltotetraose; Ms: maltopentaose; Mg: 
maltohexaose; UDPG: uridine diphosphate 
glucose. 
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Fic. 1.—Paper chromatography of reaction products after incubation with different muscle 

fractions. For 0-30 % ammonium sulfate fraction the incubation mixture contained: 16 mg of 

glycogen, citrate-phosphate buffer, pH 7 (sodium dibasic phosphate 22 mM, citric acid 1.6 mM), 

20 mM magnesium chloride and enzyme in a total volume of o.1 ml. Incubation time 30 minutes 

at 37° ©, For 30-50% ammonium sulfate fraction the same incubation mixture was used, except 

that the pH of the buffer was 5.4 (sodium dibasic phosphate 11 mM, citric acid 11 mM) and 
the magnesium chloride was omitted. 


rates glucose from M,, and some e-glu- 
cosides. It can thus be classified as an 
a 1-4 glucosidase or y-amylase (9). 


METHODS 


Substrates. 


Glycogen, dextran, a-methyl gluco- 
side, and the disaccharides used were 
all commercial preparations. 6-bromo-2- 
naphthyl-a-glucopyranoside and 6-bro- 
mo-2-naphthol were obtained from Ca- 
lifornia Corporation for Biochemical 
Research, Los Angeles, California. f- 
methyl glucoside was synthesized ac- 
cording to Koenigs and Knorr (1°). 

The oligosaccharides of the a | — 4 
series (Mz, My, M; and Mg) were pre- 
pared by acid hydrolysis of amylose 
and fractionation on charcoal-celite 
columns (!!). B-amylase limit dextrin 
was prepared from glycogen according 
to Hestrin (!*). 

Amylose and amylopectin, prepar- 
ed according to Cowie and Green- 
wod (13), were a generous gift of Dr. 
Carlos E. Cardini. 

A crude preparation of a-amylase 


inhibitor from wheat flour ('4) was a 
gift from Dr. Clara R. Krisman. 


Analytical methods. 


Reducing power was determined ac- 
cording to Somogyi (15) and Nelson (!°). 
Glucose was assayed in the presence 
of My, with Steinhoff procedure, as 
modified by Caputto et al. (!7). 

The method of Cohen et al. ('*) for 
the determination of 6-bromo-2-naph- 
thol was modified as follows: the re- 
action mixture was brought to 0.6 ml 
with water, and: the pH was adjusted 
to 7.6 with 0.05 N NaOH, using 0.05 
ml of 0.04 °%% phenol red as indicator. 
After adding 0.1 ml of tetrazotized 
o-dianiside (4 mg/ml freshly prepared 
with cold water), the mixture was well 
shaken and left to stand for 3 minutes. 
Then 0.2 ml of 80° trichloroacetic 
acid and 2 ml of ethyl acetate were 
added, and after shaking vigorously, 
the mixture was centrifuged for 10 
minutes at 2000 rpm. The optical 
density of the supernatant fluid was 
measured at 540 my. The values were 
compared with a calibration curve ob- 
tained with 6-bromo-2-naphthol in the 
range between 0 and 0.03 moles. 
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Paper chromatography. 


Samples were prepared for chro- 
matography as follows: the reaction 
mixture was brought to 1 ml; after 
adding 1.25 ml of 95% ethanol, the 
solution was heated to boiling, cooled 
and centrifuged. The supernatant fluid 
was passed through a 2 & 0.65 cm 
column of mixed bed resin (Amberlite 
MB-3 regenerated with acetic acid), 
which was then washed with 0.5 ml of 
water. The percolate plus the washing 
were evaporated to dryness over a 
boiling water bath under a current of 
air. The residues were redissolved in 
a small volume of water and trans- 
ferred to Whatman N® 4 paper as 
bands 1.5 cm wide. The chromatograms 
were developed with butanol-pyridine- 
water (6: 4:3) during 16 hours. 
Sugars were revealed with silver nitra- 
te (2°). The chromatograms were fixed 
by dipping in 2.5% sodium thiosul- 
fate and then rinsing with water. 


Amylase assay. 


The reaction mixture contained 0.4 
mg of particulate glycogen, 5 pmoles 
of phosphate buffer at pH 8, and 1 
pimole of NaCl, in a total volume of 
0.05 ml. Incubation time was 15 minu- 
tes and the temperature 37°. The reac- 


tion was stopped by heating 2 minutes 
at 100° and the reducing power was 
determined. A pH of 8 was selected 
in order to avoid the action of the 
glucosidase. 


Glucosidase assay. 


For the determination of glucosidase 
activity either M, or 6-bromo-2-naph- 
thyl-e-glucopyranoside was used as sub- 
strate. The latter substance was dis- 
solved in methyl-cellosolve (2!) at a con- 
centration of 18 mg/ml. The amount 
of methyl-cellosolve present in the final 
mixture did not inhibit when M, was 
used as substrate. 

The reaction mixture contained: 
0.05 ml of enzyme, 4 pmoles of Ms 
or 2.6 pmoles of 6-bromo-2-naphthyl- 
a-glucopyranoside and 5 ymoles of 
acetate buffer at pH 5, in a final 
volume of 0.1 ml. After incubating for 
30 minutes at 45°, the reaction was 
stopped by heating and either the re- 
ducing power, according to Caputto 
et al., or the liberated 6-bromo-2- naph- 
thol was determined. 


Preparation of muscle extracts. 


Rats were killed by a blow in the 
head and bled by cutting the neck 
vessels. The muscles of the back and 


Fic, 2.— Paper chromatography of reaction products after incubation of glycogen and B-limit 
dextrin of glycogen with liver amylase. The incubation mixture contained: 2 mg of glycogen 


or B-limit dextrin, phosphate buffer pH 6.7, 2 


4 


mM, sodium chloride 20 mM and enzyme in 


a total volume of 0.2 ml. Incubation time 30 minutes at 37° C. 
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Fic. 3. — pH optimum of 
the particulate fraction 
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hind legs were removed and homo- 
genized in a blendor with thrice their 
volume of distilled water during 5 
minutes. The homogenate was filtered 
through muslin and brought rapidly 
to 50°. This temperature was main- 
tained during 10 minutes and then the 
extract was cooled rapidly. In this step 
the enzymes under study did not lose 
activity, while a large quantity of inac- 
tive protein was denatured. The pre- 
cipitated protein was centrifuged off 
during 10 minutes at 15,000 g, and 
the supernatant fluid was brought to 
50 °% saturation with solid ammonium 
sulfate. After centrifuging, the preci- 
pitate was redissolved in a small volume 
(about 1/50th of the original volume) 
and dialyzed overnight with stirring 
against distilled water. 


Preparation of liver fractions. 


Rats were fed by stomach tube 2 ml 
of saturated sucrose solution three or 
four times a day during one or two 


days in addition to the normal ad-libi- 
tum diet. The animals were killed as 
described above and the livers were 
homogenized with three volumes of 
distilled water in a Potter type glass 
homogenizer. Whole cells, cell débris 
and nuclei were centrifuged off during 
10 minutes at 5,000 g. The supernatant 
fluid was then spun at 25,000 g during 
10 minutes. The translucent pellet that 
adhered firmly to the bottom of the 
tube will be referred to as “25,000 g 
particulate glycogen”. The supernatant 
fluid was again centrifuged, in a Spinco 
model L preparative ultracentrifuge at 
105,000 g during 30 minutes. 

The new glycogen pellet is called 
"105,000 g particulate glycogen”. Both 
glycogen fractions were equally active. 
They were suspended, individually or 
together, in water and reprecipitated 
by adding three volumes of cold (—15°) 
acetone. 

After centrifuging, the precipitate 
was washed twice with cold acetone 
and dried in vacuo. The particulate 
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glycogen, when dried in this way, main- 
tains its activity during several months 
at room temperature. 

The supernatant fluid from the 
105,000 g centrifugation was used as 
glucosidase preparation. 


RESULTS 
Muscle extracts. 


During the first stages of purification 
(heating and first ammonium sulfate 
precipitation) the formation of M.,, 
was estimated by measuring the liber- 
ation of reducing power from glycogen. 
When the results were checked by 
paper chromatography, it was found 
however that in addition to M,,, glu- 
cose also was formed in substantial 
amounts, and the ratio M,, to glucose 
varied according to the conditions. 
For instance, after incubation at pH 7 
to 8 in the presence of 0.01 M CI-, 
the amount of M,, was far greater than 
that of glucose, while at pH 5 the 


log. Cl CONCENTRATION 


inverse result was obtained. This in- 
dicated that two different enzymatic 
activities might be involved in the pro- 
cess and an attempt was then made to 
separate them. From then on, the dif- 
ferent fractions were incubated wonder 
the two above mentioned conditions, 
and the reaction products were iden- 
tified by paper chromatography. Al- 
though a complete separation could 
not be obtained, the best results were 
given by ammonium sulfate fraction- 
ation. The fraction that precipitated 
between © and 0.30 saturation was 
more active in the formation of M,,, 
while that brought down between 0.30 
and 0.50 saturation gave rise preferen- 
tially to glucose, as can be seen in 
figure |. 


Action of the two fractions on 
different substrates. 


The results obtained by submitting 
to paper chromatography the reaction 
products formed by each of the two 
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TABLE I 
Action of muscle fractions on different substrates 


Incubation mixtures were the same as those used in figure 1. Substrate final concentration 


was 10-15 mg/ml for polysaccharides and 2-5 ymole/ml for other substrates 


Ammonium Sulfate Fractions 


Substrates 0-30 Fraction 30-50 Fraction 
Hours of Product Amount Hours of | Product Amount 
incubation formed incubation | formed 

Glycogen 0.5 $+ + 0.5 | Glucose + + 
Amvlose l M., of l 
16 | Glucose ws 
Dextran 16 16 | Glucose 
B-limit dextrin | 
of glycogen .. 0.5 M,s + | 
0.5 |Glucosee | ++ 
| 
1 Mo, Glucose = 0.5 | Glucose 4-4 
| j 
bite My + + 0.5 Glucose ++ 
| 
M; M3, + + 
l |My Ms, My) ++ | 
Mixture of M,, | | 16 Glucose +++ 
| 
} | 
amethyl gluco- 
16 — | — 16 | Glucose | 
| | 
ethyl gluco | | 
Wa 16 — | | 16 — 
| 
| | 
Cellobiose ..... 16 
| 
Isomaltose | 16 


: 
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fractions are summarized in Table I. 
These results show qualitatively the 
action of each enzyme on different 
substrates. The fraction from 0 to 0.3 
saturation gives M,, with glycogen and 
amylose. It also acts on B-limit dextrin 
from glycogen, but at a slower rate, 
and with a decrease in formation of 
the higher M,,, as shown in figure 2. 
It can also be seen in Table I that 
this fraction cleaves the M,, to smaller 
fragments. The action on Mg is very 
slow and may be due to contaminant 
enzymes. On the other hand dextran 
and methyl glucoside are not attacked. 
The other fraction (between 0.30 
and 0.50 saturation) liberates glucose 
from glycogen as well as from M,,, 
including My. Its action on amylose 
is very slow, and appreciable increase 
in reducing power can be measured 
only after 16 hours of incubation. 
Some glucose seems also to be liberated 
from dextran in 16 hours but this 
result requires confirmation with more 
purified preparations. Glucose is split 
off from a-methyl glucoside, but not 
from the £-anomer, or from sucrose, 
cellobiose (8-glucosyl 1-4 glucose) or 
isomaltose (a-glucosyl 1-6 glucose). 


Liver extracts. 


Liver extracts also showed the pre- 
sence of two enzymatic activities, 
similar to those described above for 
muscle. It was not possible to separate 
the two enzymes in extracts from star- 
ved or normally fed rats. When the 
animals were submitted to previous 
forced feeding with sucrose, the M,, 
forming activity was found to be as- 
sociated with the particulate gly- 
cogen (22), while the glucose-liberating 
activity was recovered in the 105,000 g 
supernate. Since in these fractions the 
two activities were much better sepa- 
rated than in those of muscle, a quan- 
titative study was attempted with the 
liver enzymes. 


Properties of the particulate 
fraction. 


pH optimum.— As shown in figure 
3, the pH optimum was found at about 
pH 6.8, a value that falls in the range 
(between 6 and 7) reported for several 
mammalian amylases (°). 

Chloride requirement. — The enzy- 
matic activity of this fraction is strong- 
ly activated by chloride ions, with an 
optimum concentration between 10°! 
and 10° M as it can be seen in figure 
4. This activation is also similar to 
that found for other a-amylases (*). 

Inhibitors. —In Table Il the inhi- 
bitory actions of Zn** on liver and 
saliva amylase are compared. In both 
cases ethylenediamine tetraacetic acid 
relieves the inhibition. It can also be 
seen that both activities are diminished 
by the wheat inhibitor described by 
Kneen et al. 2%), In figure 3 it is 
shown that the activity is lower with 
citrate than with acetate or phosphate 
buffer. The inhibiting action of citrate 
on some e-amylases has been described 
by Street (?4). 


Properties of the 105,000 g 
supernate. 


Kinetics. — Figure 5 shows the effect 
of substrate concentration on the rate 
of hydrolysis. Half the maximum velo- 
city is obtained with 5 & 10*3 M Mg. 

pH optimum. — The same pH op- 
timum, between 4 and 5, was obtained 
with either M, of 6-bromo-2-naphthyl- 
a-glucopyranoside as substrate, as it can 
be seen in figure 6. 


DiIscussION 


One problem that remained unsol- 
ved in a previous paper (7) was the 
nature of the enzymes that catalyze the 
formation of M,, from glycogen. The 
present findings indicate that, in mus- 
cle as well as in liver, glycogen can be 
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TABLE II 
Action of inhibitors 
Saliva was centrifuged 10 minutes at 25000 g and the supernate 
was used after dilution with water 
Percent Activity 
| 
(Final Concentration) | Saliva Particulate 

fraction 
104M EDTA 4 X 104 82 65 

(*) EDTA = ethylenediamine tetraacetic acid. 


hydrolyzed in two ways: one, through 
the breaking up of chains into frag- 
ments of several glucose units —the 
M,.— the other by liberating one glu- 
cose at a time. The enzyme that ca- 
talyzes the first type of hydrolysis has 
the properties of an a-amylase. ‘The 
pH optimum, the Cl- requirement, 
the action of inhibitors, and the ac- 
tivity towards different substrates, are 
all similar to those described for this 
group of enzymes. The reaction is fas- 
ter with glycogen than with the M,,, 
and is slowest with Ms, so much so 
that it is doubtful whether the cleavage 
of this substrate is due to the a-amy- 
lase or to some contaminating enzyme. 
Whether Mz, is hydrolized or not by 
a-amylases is a much debated pro- 
blem (25, 26, 27, 28), but recent evidence 
(29, 30,31) is strongly in favor of an 
affirmative answer. 

The experiment shown in figure 2 
confirms the previous hypothesis (7), 


that the M,, are formed mainly from 
the external branches of glycogen. In 
the hydrolysis of B-amylase limit dex- 
trins, whose exterior branches only 
have 2 or 3 glucose units, most of the 
reaction products must come from the 
inner chains. These are relatively 
short (3 to 4 glucose residues in ave- 
rage) and, in addition, every branch 
point (1-6 linkage) protects some of 
the neighboring a@ 1-4 linkages from 
enzyme action (**). It can thus be easily 
understood why the main linear sac- 
charide obtained with this substrate is 
My. In addition, branched oligosac- 
charides are formed, that move only 
slightly from the starting line of the 
chromatograms. 

This provides an explanation for 
the fact that, with C!4-UDPG precur- 
sor, the specific activity of the M,, 
formed, decreased progressively from 
M,; to M,(*). Thus, when, as in this 
case, one starts from a glycogen. pre- 
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Fic. 5. — Effect of maltose concen- 
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valently labeled in the external bran- 
ches, My, and the lower M,,, that 
originate partly from the inner, less 
radioactive chains, will have a lower 
specific activity than the higher M,,, 
that originate mainly from the outer, 
more radioactive branches. 

The presence of e-amylase in liver 
and other organs has been the subject 
of a controversy. After the discovery of 
the phosphoroclastic pathway in the 
degradation of glycogen, the amylo- 
lytic pathway was discarded (33. 34) and 
the amylase in liver was supposed to 
result from contamination with blood 
plasma McGeachin studied 
this problem exhaustively (°°) and has 
reported evidence that liver e-amylase 
is formed in the hepatic cell and is 
independent from the circulating amy- 
lase (°7-98.89). Other authors have found 
that under certain conditions liver 
contains between 5 and 10 times more 
amylase that can be ascribed to the 
blood contained in the tissue (4°). 

The role of this amylase in the me- 
tabolism of carbohydrates is uncertain. 
Dreiling et al. (41) and Levin (47) have 
supposed that it might participate 
somehow in the process of glycogeno- 
lysis. On the other hand Smith (48) and 
McGeachin and Potter have ad- 
vanced the hypothesis that it might 
take a part in glycogen synthesis. 


The second enzyme described in this 
paper hydrolyzes glycogen, a 1-4 oligo- 
saccharides and M, to glucose. There- 
fore, it belongs to the group of the 
variously called y-amylases, glucoamy- 
lases (°), or 1-4 glucosidases (#4). Other 
examples are the glucoamylase (+>: 4°) 
and a@ 1-4 amyloglucosidase (47) found 
in moulds and the maltase from horse 
serum described by Lieberman and 
Eto (48). The latter enzyme differs from 
the liver enzyme, since its pH optimum 
is higher (6.3-7.2), it does not split 
a-methyl glucoside and its Km is ten 
times smaller. The properties of the 
liver enzyme are more akin to those 
of the mould glucosidases. No trans- 
glucosidase activity could so far be 
demonstrated with the liver enzyme. 
When it was incubated with glycogen, 
in the presence of C1!*-glucose, no la- 
beled M, was found to be formed. 

The low pH optimum of this enzyme 
suggests that its activity is probably 
very low under physiological condi- 
tions. Nevertheless, the amylase and 
a-glucosidase could act in concert to 
liberate glucose from glycogen, accord- 
ing to the equation: 


Glycogen 
1-4 gluco- 
= — > glucose 


sidase 
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Fic. 6.— pH optimum of the 105 000 ¢ 

supernate from liver. Q-Q with mal- 

tose as substrate; @-@ with 6-bromo- 

2-naphtyl-q-glucopyranoside as sub- 
strate. 
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It is now generally accepted that the 
transformation of glycogen into glucose 
takes place through the action of se- 
veral enzymes: phosphorylase, phospho- 
glucomutase and glucose-6-phosphatase 
(83,49) for @ 1-4 linked residues and 
amylo 1,6 glucosidase (5°) for @ 1-6 lin- 
ked residues. When glucose-6-phospha- 
tase is absent (°!) (like in muscle), glu- 
cose would only be formed by amylo 
1,6 glucosidase. 

Whether both the phosphoroclastic 
and the amylolytic pathways are oper- 
ative in animal tissues must await fur- 
ther investigations. 


SUMMARY 


Muscle and liver extracts were found 
to contain two enzymes acting on gly- 
cogen. The two activities could be 
separated partially in muscle extracts 
and more completely in liver extracts. 
In the latter preparations one of the 
enzymes was found to sediment toge- 
ther with the particulate glycogen frac- 
tion, while the other remained in the 


supernate. The particulate enzyme 
showed the properties or an qa-amylase, 
while the soluble enzyme _ liberated 
glucose from both glycogen and malto- 
oligosaccharides and is therefore con- 
sidered a y-amylase. The a-amylase is 
the enzyme responsible for the pre- 
viously reported formation of oligosac- 
charides from glycogen. 
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Studies on the regeneration of legs 
in “Triatoma infestans” (Klug, 1834) 
(Hemiptera, Reduviidae). FERNANDO M. 
A. Correa. 


The regenerative capacity of legs in Tria- 
toma infestans (Klug, 1934) is described for 
the first time. It is similar to that observed 
by Liischer (1948) in Rhodnius prolixus Stal, 
1859, that is, it appears at the femoro-tibial 
joint and increases gradually in a distal di- 
rection. It was also observed that the size of 
the regenerated leg depends on the period 
of time which elapses between the amputation 
and the next moult, the size been larger when 
the leg is amputated earlier in a given stage. 

Since it has been demonstrated for other 
insects that the final size of a regenerated 
structure usually depends on the period of 
time elapsed between amputation and the last 
moult (Bodenstein, 1953), the author tried 
to modify the duration of nymphal stages by 
varying the frequency of blood meals. Al- 
trough the number of insects used was small, 
there is an indication that the larger the 
duration of the life cycle the larger the final 
size of regenerated legs in T. infestans. 


Pulmonary lesions produced by anti- 
placenta serum in rats. HeLio Lov- 
RENCO DE OLIVEIRA AND JOSE AUGUSTO 
Laus Fitno. (Department of Clinical 
Medicine, Faculty of Medicine, Ribei- 
rao Préto, Sado Paulo, Brazil). 


Experimental pulmonary lesions induced in 


rats by intravenous injection of nephrotoxic 
sera (rabbit anti-rat-kidney and anti-rat-lung 
sera) were described by Laus et al. (1957) and 
further studied by Laus (1958). Immuno-sera 
devoid of appreciable nephrotoxicity (anti-rat- 
intestine, anti-rat-spleen and anti-rat-serum) 
did not produce the pulmonary changes even 
when given in dosis large enough to produce 
extensive hemorrhagic lesions in the intestinal 
tract. 

The view that the pneumotoxicity of the 
anti-sera is related to their nephrotoxicity is 
supported by the results of the present expe- 
riments with rabbit anti-rat-placenta serum. 
This, as well as anti-kidney and anti-lung 
sera, is known to convey nephrotoxic factors 
(Seegal and Loeb, 1946). 

Intravenous injection of the anti-placenta 
serum produced the same acute functional 
manifestations (dyspnoea and cyanosis, with 
death of some animals with acute pulmonary 
edema), the same macroscopic changes in the 
lungs (edema and hemorrhage) and the same 
histologic picture as seen in rats receiving 
either anti-lung or anti-kidney serum. 

Anti-placenta serum previously absorbed 
with rat intestine, liver or spleen still retained 
its pneumotoxicity. When absorbed with kid- 
ney tissue it lost that activity. Such results 
are shown in the table where lung changes are 
classified macroscopically as follows: 0 = no 
significant deviation from normal; + = edema 
and hemorrhage; + -+- = severe edema and 
hemorrhage, with trachea filled with frothy 
secretion (and early death in the acute stage). 
The distribution, according to the degrees of 
pulmonary lesions, of 40 rats that received 
different treatment is: 


PROCEEDINGS 

Degrees of pulmonary lesions... 0 + + +- 
Non-absorbed serum .......... : 10 
Serum absorbed with liver .... 2 3 3 
Serum absorbed with intestine . 2 0 
Serum absorbed with spleen... 2 2 0 
Serum absorbed with kidney .. 9 0 0 


The results may be explained by the exis- 
tence in the three organs: placenta, kidney 
and lung, of at least one commom antigen 
that is responsible for the pneumotoxicity 
of the corresponding anti-sera. Baxter and 
Goodman (1956) reached this conclusion in 
relation to the nephrotoxicity of the same 
anti-sera. It is probable that the pulmonary 
and the renal lesions are the results of the 
reaction of the same antibody with the com- 
mom antigen in both organs. 
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June 17, 1960 


Effects of cholinergic drugs on the 
esophagus of patients with Chagas’ 
disease. RENATO ALVES DE GODOY AND 
CLovis BUHLER VIEIRA. (Department of 
Medicine, Faculty of Medicine, Ribei- 
rao Préto, Sado Paulo, Brazil). 


Recording by a kymographic method the 
variations of air pressure inside a small balloon 
located in the lower esophagus, the authors 
have studied the motility of this organ after 
administration of pilocarpine hydrochloride 
and acetylbetamethylcholine chloride to pa- 
tients with Chagas’ disease. This infectious 
disease, caused by the protozoa Schizotrypanum 
Cruzi is practically responsible for all cases 
of megaesophagus in Brazil. 

Four healthy students and fourteen patients 
with Chagas’ disease were studied with the 
aid of this technique. Five patients had mega- 
esophagus and three had normal esophagus. 
The other six were patients without dysphagia 
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and with a normal sized organ, but they had 
an emptying time, measured by a special ra- 
diographic technique, considered lengthened. 


The maximal doses of the mentioned drugs 
employed in this study were 0.1 mg/Kg body 
weight. 

The controls after an intramuscular injec- 
tion of a dose from 0.05 to 0.1 mg/Kg weight 
of methacholine or pilocarpine did not show 
any alteration or at most a slight increase of 
esophagus motility and muscular tonus. The 
five patients with megaesophagus, after the 
injection of the same dose of the drugs, 
showed a considerable increase of organ mo- 
tility and tonus. Of the six patients with 
delayed emptying time, three reacted like the 
megaesophagus patients and the other reacted 
as the normal controls. The three patients 
with the disease and without esophagus dis- 
function also reacted as normals. 

Most of the research in this subject is done 
in patients with megaesophagus, where con- 
siderable alteration of motility and tonus is 
found. This study indicates that even esopha- 
gus with incipient disfunction may be hyper- 
reactive to parasympathomimetic agents. 


November 14, 1960 


Studies on histamine liberation in 
the presence of metabolic inhibitors. 
A. M. ROTHSCHILD AND ITAMAR VUG- 
MAN. (Department of Pharmacology, 
Faculty of Medicine, Ribeirao Préto, 
Sao Paulo, Brazil). 


Histamine liberation in vitro was studied 
in the isolated rat diaphragm using compound 
18/80, a condensation product of formaldehyde 
and p-methoxyphenylmethylamine, which acts 
as a powerful releaser of rat tissue histamine. 

This process is inhibited by uncoupling 
agents like 2,4 dinitrophenol (DNP), sodium 
salicylate, sodium oleate and thiopental, as 
well as by cyanide or oxygen lack. It was 
found that the action of these inhibitors 
was only exerted when glucose was absent 
from the Krebs-Ringer phosphate buffer used 
as incubation medium. The addition of 
glucose produced complete reversal of the 
inhibitory effect of DNP, sodium salicylate, 
oleate and thiopental and 80% reversion of 
the effect of sodium cyanide and anoxia. 
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Krebs cycle intermediates like succinate or 
fumarate were unable to affect the inhibitory 
action of DNP or NaCN. The inhibitory action 
of a SH-group blocking agent like p-chloro 
well as that of 
fluoride was not affected by the presence of 
The effect of sodium fluoride could 
however be partly overcome by the addition 


mercuri-benzoate as sodium 


glucose. 


of calcium ions, and was totally reversed by 
a mixture of calcium and magnesium ions. 
The effectiveness of glucose in abolishing 
the inhibitory action of DNP and NaCN was 
also apparent upon microscopic examination 
of mast cells in 
incubated with compound 48/80. 
extrusion, the typical results of the 
of compound 48/80 on these cells, was fully 
prevented by the presence of DNP or NaCn, 
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but was extensive when glucose was present 
in the medium as well. 

Studies on the oxygen uptake of the isolated 
rat diaphragm in the Warburg 
revealed that at concentrations which inhibited 
histamine release, DNP initially enhanced, 
and subsequently depressed oxygen consump- 
tion by the tissues. The presence of glucose 
did not influence this effect of DNP. In 
contrast, the presence of succinate allowed for 
normal respiratory activity to be maintained 
longer period of time, during 
which however, the inhibition of histamine 
release was not reversed. 

The inhibition of histamine release by un- 
couplers of oxidative phosphorylation, by 
and by anoxia indicates that the 
synthesis or use of energy-rich compounds 
are essential steps for the release of histamine 
by compound 48/80. 

It is known that the anaerobic synthesis 
of ATP through the glycolytic pathway, is 
insensitive to the inhibitory effects of DNP 
and other uncoupling agents. The effectiveness 
of glucose in promoting this release under 
conditions in which oxidative metabolism is 
severely repressed, suggests that the mast cell 
uses anaerobic glycolysis, or possibly some 
other available phase of glucose metabolism, 
as an additional reserve mechanism to ensure 
histamine release under conditions in which 
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Effect of glucose and insulin on the 
histamine release by compound 48/80 
from alloxan diabetic rats. ITAMAR 
VUGMAN AND ADOLFO M. ROTHSCHILD. 
(Department of Pharmacology, Faculty 
of Medicine, Ribeivao Préto, Sao Paulo, 
Brazil). 


Release of histamine by compound 48/80 
from the isolated diaphragm of alloxan 
diabetic rats was studied. When compared to 
that of normal rats it was 25°, lower in the 
diabetic animal. Though glucose increased 
histamine release from the tissue of diabetic 
rats, this release only reached the normal 
control levels when glucose plus insulin were 
added to the incubation medium. 

Metabolic inhibitors such as 2,4-dinitrophe- 
nol (DNP) and sodium cyanide (NaCN) 
prevented the release of histamine. In the 
presence of glucose, inhibition by DNP was 
reduced by 82 % and inhibition due to NaCN, 
by 61%. When glucose plus insulin 
added, the inhibitory action of DNP 
totally abolished. In contrast, inhibition due 
to NaCN was only partially reversed remain- 
ing at a level of 27 % inhibition, when glucose 
and insulin were added. 

The results show that compound 48/80 is 
able to release histamine from the diaphragm 
of alloxan diabetic rats. In comparison with 
normal tissues this release is partially im- 
paired. Insulin plus glucose were able to 
restore the level of, histamine release to that 
obtained with normal rats. The observation 
that glucose was able to partially revert 
the inhibition caused by DNP and NaCN, 
indicates that mast cells of alloxan diabetic 
rats were able to utilize part of the glucose 
added to the incubation medium. Insulin was 
able to reverse these inhibitions still further; 
this indicates that when used in conjunction 
with glucose, the hormone is able to promote 
the action of compound 48/80 even in tissues 
treated with DNP or NaCNn. 


were 
was 


Alsina 2049 - Buenos Aires 


ComMPANIA IMPRESORA ARGENTINA A. 


| 
5 

a 
. 
| 


REGLAMENTO DE PUBLICACION 
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junio de 1948 (Qienc. e Invest., 1949, 5, 438). 
SE EXPONEN A CONTINUACION ALGUNAS ABREVIATURAS COMUNES 
Castellano Inglés Castellano Inglés 
centimetro centimetro ciibico ....... 
milimetro Mililitro 
MICTOZTAMO miliequivalente ........- 
HOTR Curie 
Minato 


milisegundo por cientO 
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